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N PREVIOUS publications from this Institute attention has repeatedly 

been called to the fact that many of the toxic actions of desoxycorticosterone 
acetate (DCA) are dependent upon the sodium chloride content of the diet.'** 
Thus, it has been shown that excessive dietary supplements of sodium chloride 
increase the severity of the nephrosclerosis, periarteritis nodosa, and hyper- 
tension produced by desoxycorticosterone acetate treatment, while diets which 
were comparatively poor in sodium chloride tend to diminish these toxic actions 
of this corticoid compound. 

Extensive experimental work supports the view that in sodium chloride 
it is the sodium ion which is of importance in this connection. A variety of 
“acidifying salts,’’ such as ammonium chloride, ammonium nitrate, calcium 
chloride, and others, also counteract the toxicity of desoxycorticosterone acetate 
presumably because these salts occasion severe losses of sodium.‘ 

It is believed that the typical morphologic lesions produced by overdosage 
of desoxycorticosterone acetate in the presence of sodium are fundamentally 
due to a derangement in the deposition of hyalin (‘‘fibrinoid’’) material. The 
characteristic hyalinization of arterioles and renal glomeruli, the formation of 
granulomatous nodules around hyalin plaques in the heart, and the deposition 
f fibrinoid material on the cardiac valves, the pericardium, the internal sur- 
face of blood vessels, and on other tissues form a syndrome which might well 
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be described as “‘fibrinoid diathesis”’ or “‘hyalinosis,"’ just as we speak of lipoi- 
dosis, calcinosis, or amyloidosis when excessive lipid, calcium, or amyloid depo- 
sition occurs throughout the body. This experimental “hyalinosis’ caused }y 
desoxycorticosterone acetate probably has its counterparts in human pathology 
in the form of such diseases as malignant nephrosclerosis, rheumatic arteritis, 
Libman-Sacks disease, diffuse collagen disease, periarteritis nodosa, thrombo- 
angiitis obliterans, and malignant arteriolosclerosis. 

In this communication we wish to report upon an additional series of ob- 
servations on rats receiving desoxycorticosterone while on a diet completely 
devoid of sodium chloride. Through such experiments we hoped to determine 
whether the dietary protection against desoxycorticosterone acetate is absolute 
or relative and whether it extends to all of the actions of this corticoid or is 
limited to some of them. 

MATERIAL AND METHODS 
Twenty-six female hooded rats weighing 90 to 110 grams (average 95 


grams) were unilaterally nephrectomized and separated into two groups. The 


Paste I. Composition oF THE Basic SyNTHETIC Diet (PARTS PER CENT) 


Casein 20.0 
Corn starch 73.0 
Fat (Mazola) 1.0 
Cod liver oil 1.0 
Cellu flour 1.0 
Na- and Cl-free mineral mixture 3.5 
Vitamin supplements 0.5 
Na- and Cl-free Mineral Mixture Grams 


(3.5 Gm. per 100 Gm. of diet 


MgSO,.7 24.6 
K»HPO, 83.8* 
CaHPO,.2 H.O 69.8 
Ca lactate.5 H.O 15.4 
Fe Gitrate 
KI 0.16 


Vitamin Supplements 


(0.5 Gm. per 100 Gm. of diet) 


Thiamine chloride 0.8 
Riboflavin 0.8 
Pyridoxine 0.8 
Calcium pantothenate 
Nicotinic acid 
Choline chloride 400.0 
Inositol 100.0 
Para-aminobenzoic acid 30.0 


*The usual 14.2 per cent of disodium hydrogen phosphate was replaced by an equivalent amount 
of dipotassium hydrogen phosphate. 
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rats in Group A acted as untreated controls, while in each animal of Group B 
two 40 mg. pellets of desoxycorticosterone acetate were implanted. All animals 
were given a synthetic diet containing 20 per cent ‘‘Labco” casein and a modi- 
fication of the mineral mixture of Steenbock and Nelson,® in which the sodium 
chloride was eliminated and disodium hydrogen phosphate was replaced by an 
equivalent amount of dipotassium hydrogen phosphate in order to make the 
diet sodium chloride free (Table 1). Distilled water was given as drinking fluid. 

At the end of four weeks the blood pressures were determined by cannula- 
tion of a carotid artery and the animals were separated into four groups; six 
of the rats in Group A remained on the sodium- and chloride-free diet and distilled 
water (Group 1); the other six animals were kept on the same diet but were 
given 1.0 per cent saline to drink (Group 3). In the same manner, seven ani- 
mals of Group B remained on the sodium- and chloride-free diet and distilled 
water (Group 2) and the other seven rats were ;iven 1.0 per cent saline (Group 
4). Two additional 40 mg. pellets were implanted at this time in the animals 
of Groups 2 and 4. Treatment was then continued for five more weeks, at the 
end of which time the moribund condition of the animals in Group 4 made it 
necessary to terminate the experiment. The blood pressures were again taken; 
then all the animals were killed and their organs weighed after fixation in 
solution. 

RESULTS 


Table I] summarizes our results. In the fourth column of this table the 
initial body weight represents the average weight of the animals after four 
weeks of treatment, when Group A was separated into Groups 1 and 3 and 
Group B into Groups 2 and 4. 

The weight of the kidney is listed both in absolute terms and as a percent- 
age of body surface. According to either manner of expression it was by far 
hi hest in the rats treated with desoxycorticosterone acetate and receiving 
sodium chloride. This renal enlargement is typical of the early stages of neph- 
rosclerosis before secondary contraction occurs. Sodium chloride deficiency 
Group 1) can be seen to have caused some renal atrophy when the control 
inimals on diets containing sodium chloride (Group 3) are compared. It is 
especially noteworthy that animals on a sodium chloride-free diet, even when 
treated with desoxycorticosterone acetate (Group 2) showed no increase in 
renal weight in comparison with the corresponding rats whose sodium chloride 
vas depleted but which were not treated with desoxycorticosterone acetate 
Group 1). 

The degree of nephrosclerosis was expressed in a scale ranging from 0 to 
} plus; hence, the theoretic maximum of 3 plus was considered as equivalent 
o 100 per cent. It will be noted that when so expressed, the degree of neph- 
osclerosis caused by desoxycorticosterone acetate in rats on the sodium 
hloride-containing diet (Group 4) was 93 per cent, while not even the slightest 
microscopic trace of such a lesion was detectable in the rats with depleted 
sodium chloride (Group 2) which received the same amount of desoxycorti- 
osterone acetate. (Figs. 1-4). 
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Fig. 1.—Nephrosclerotic kidney of a rat treated with desoxycorticosterone acetate and sodium 
chloride. Note hyalinized glomerulus and many dilated tubules, some of which contain hyalin casts 
low magnification). 

Fig. 2.—Normal appearance of the kidney of a rat which received the same amount of desoxycorti- 
costerone acetate as the rat whose kidney is shown in Fig. 1, but which was kept on a sodium 
chloride-free diet (same magnification as Fig. 1). 


Fig. 3. Fig. 4. 


Fig. 3.—High magnification of a glomerulus from the kidney shown in Fig. 1. Note hyalin thrombi 
in several glomerular capillaries and protein precipitate in capsular space. 

Fig. 4.—Normal glomerulus from the kidney shown in Fig. 2. Note that in the absence of 
dietary sodium, desoxycorticosterone acetate failed to cause glomerular hyalinization. 


Fig. 1. Fig. 2. 
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The heart weight is expressed both in milligrams and as a percentage of 
body weight. It will be noted that desoxycorticosterone acetate caused no 
significant increase in cardiac weight in the sodium chloride-depleted animals 
of Group 2. In fact, this substance appears to have produced a decrease, but 
this may not be significant. On the other hand, according to either manner of 
expression, the rats receiving desoxycorticosterone acetate on a diet containing 
sodium chloride (Group 4) had a significantly higher cardiac weight than the 
corresponding controls (Group 3). It should be emphasized that the heart 
weight is a rather reliable indicator of the mean blood pressure during the en- 
tire experimental period. Indeed, some investigators believe that this is a 
more accurate index of hypertension than the occasional actual measurement 
of blood pressure at intervals throughout the experiment, because it is less 
likely to be influenced by sudden transient variations. 

Myocardial changes, with the formation of granulomas containing giant 
cells and hyalin deposits between the cardiac muscle cells, have been produced 
by desoxycorticosterone acetate only in animals on the diet containing sodium 
chloride (Group 4). 

Although not specifically mentioned in the table, it may be stated that 
periarteritis of the mesenteric vessels likewise occurred only under the _ in- 
fluence of desoxycorticosterone plus dietary sodium chloride (Group 4). 

The blood pressure was measured after four weeks of desoxycorticosterone 
treatment, that is to say, when the animals of all four groups were still on a 
completely sodium chloride-free diet. At this time the mean blood pressure, 
determined under light ether anesthesia by direct cannulation of the carotid 
artery, Was within ‘normal limits in all four groups. Previous experiments had 
shown that after four weeks of treatment with desoxycorticosterone acetate, 
the blood pressure would have risen far above normal in rats receiving normal 
diets containing sodium chloride. After nine weeks, that is to say, five weeks 
after Groups 3 and 4 had been placed on sodium chloride, the blood pressure 
remained within normal limits in all rats except in those receiving both des- 
oxycorticosterone and sodium chloride (Group 4). Some of these animals had 
subnormal blood pressures because they were practically moribund by this time. 
However, the sole representative of this group which was still in good condition 
had a mean blood pressure of 154 mm. Hg and the high mean cardiac weight of 
the animals of this group clearly indicated that at one period or another during 
the last five weeks hypertension had probably also occurred in the other animals. 

The mean adrenal and pituitary weight was significantly depressed by 
desoxycorticosterone in Groups 2 and 4 in comparison with the corresponding 
controls (Groups 1 and 3). This indicates that the well-known “‘compensatory 
atrophy” effect produced by desoxycorticosterone acetate, which consists in 
diminishing adrenal cortical development due to inhibition of production of 
pituitary corticotrophin, is independent of the dietary intake of sodium 
chloride. 

The thymus weight is rather variable in all groups and a significant thymus 
atrophy was observed only in the animals receiving desoxycorticosterone acetate 
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plus sodium chloride. It is dubious, however, whether this should be con- 
sidered as showing that the antithymus effect of desoxycorticosterone acetate 
is conditioned by dietary sodium chloride since atrophy of the thymus is a 
consequence of any type of stress and the animals in this group were obviously 
most severely damaged. 

The plasma sodium concentration was determined by the micro modifica- 
(ion of the method of McCance and Shipp’ and is expressed in the last column 
of Table II in milliequivalents per liter of plasma. It will be noted that an 
extraordinarily high plasma sodium value was obtained in animals receiving 
desoxycorticosterone acetate plus sodium chloride (Group 4). In comparison 
with the corresponding control groups treated with desoxycorticosterone acetate 
but kept on the diets free of sodium chloride (Group 2), the increase is highly 
significant (P<0.01). It is also noteworthy that the mean plasma sodium 
concentration in Group 1 is significantly lower (P between 0.03 and 0.02) than 
in the corresponding controls receiving no desoxycorticosterone acetate treat- 
ment but kept on a sodium chloride-containing diet (Group 3). As indicated 
in our earlier publications, an increased sodium/chloride ratio is rather charac- 
teristic of animals overdosed with desoxycorticosterone while receiving diets 
which contain normal or high amounts of sodium. However, this is generally 
the result of a marked decrease in plasma chlorides and is only accompanied by 
a slight increase in plasma sodium. The unusually marked hypernatremia 
observed in Group 4 of the present experiment may be due to the preliminary 
sodium depletion of these animals during the first four weeks of the experiment. 

Previous observations had shown that severe renal hypertension (produced 
with the ‘“‘endocrine kidney”’ technique) causes the same cardiovascular changes 
as overdosage with desoxycorticosterone acetate, but there this effect was in- 
dependent of the sodium intake.’ It is probable, therefore, that the failure of 
desoxycorticosterone acetate to cause lesions in the cardiovascular system, in 
the absence of sodium, is due to its inability to increase the production of renal 
pressor hormone unless sufficient sodium is available. 

These observations are in agreement with that interpretation of the patho- 
genetic mechanism governing the production of ‘“‘fibrinoid diathesis,’’ according 
to which desoxycorticosterone acetate acts through the intermediation of the 
kidney. Presumably this substance increases the production of renal pressor 
hormones, as a result of the transformation of certain nephrons into ‘‘endocrine 
nephrons,’ but this occurs only in the presence of sodium. On the other hand, 
excessive production of renal pressor hormone damages the cardiovascular sys- 
tem irrespective of the sodium intake. 


SUMMARY AND CONCLUSIONS 


Rats maintained on a sodium-free and chloride-free synthetic diet tolerated 
itherwise fatal doses of desoxycorticosterone acetate. 

Sodium chloride deficiency was also most effective in preventing the renal 
ind cardiac enlargement, nephrosclerosis, myocarditis, hypertension, and peri- 
irteritis nodosa normally caused by excessive amounts of desoxycorticosterone 
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acetate; however, it did not prevent the atrophy of the adrenal cortex and pi- 
tuitary, which results from overdosage with this corticoid. 

From this, in conjunction with our previously published observations, it is 
concluded that sodium is essential for the renal, and, through the intermediation 
of the kidney, for the cardiovascular actions of desoxycorticosterone acetate. 
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NORMAL AND IMPAIRED FUNCTION OF THE LEG VEINS 


J. B. Hickam, M.D., R. P. McCuttocn, M.D., 
AND R. J. REEVEs, M.D. 


DuruHaM, N. C. 


UPERFICIAL varicosities and old, healed thrombophlebitis of the leg veins 

are often associated with secondary changes of the skin and subcutaneous 
tissue, particularly edema, pigmentation, and ulceration. Venous mechanics 
in the normal leg are fairly well understood, but the circulatory effects of chronic 
disorders of the leg veins and the etiology of the secondary changes are some- 
what obscure. It is the purpose of the present report to describe the results 
of comparative studies of venous mechanics in the legs of normal subjects and 
of patients with disorders of the leg veins which have led to the development of 
edema, pigmentation, and ulceration. On the basis of these studies, suggestions 
are made as to the means by which secondary changes in skin and subcutaneous 
tissue may result from disorders of the leg veins. 

The normal mechanics of venous return from the legs are indicated by the 
arrangement of valves in the leg veins. Both superficial and deep veins are 
valved to permit blood to flow only toward the heart. The perforating veins, 
which connect the two systems, permit flow from superficial to deep veins, but 
not in the reverse direction, except below the ankle. McPheeters! has pointed 
out that the muscles of the leg, by compressing the deep veins during contraction, 
drive the blood toward the heart, flow in the reverse direction being prevented by 
the valves. In a patient with superficial varicosities, he demonstrated by the 
use of radiopaque material that blood in the superficial system entered the deep 
channels and was carried up the leg when the muscles were alternately contracted 
and relaxed by a stepping exercise. He also demonstrated that when downward 
flow through the varicosities was checked by a tourniquet around the thigh, the 
pressure within the varicosities below the tourniquet was considerably lowered 
by exercise, indicating that blood was being drawn from the varicosities through 
the perforators into the deep system. In normal subjects, blood from the super- 
ficial veins passes very freely through the perforators and into the deep system, 
as has been demonstrated radiographically by Bauer? and by others after him. 
By an indirect method of measuring pressure in the lower end of the saphenous 
vein, Beecher and associates* found that venous pressure at the ankle of an erect 
subject attained its full hydrostatic head (up to heart level) only on prolonged 
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quiet standing. During walking, the pressure fell to much lower levels, rising 
when weight was borne on the foot, and falling when the foot was lifted. Th« 
mean pressure during walking was reduced to less than half the level during quiet 
standing. It was concluded by Beecher that blood in the superficial veins is 
carried off to a considerable extent through the deep system during exercise in 
the upright position. Similar observations on venous pressure at the ankle of 
normal persons have been reported recently by Henry‘ and by Pollack and 
Wood,’ both using direct pressure methods. Henry found that the pressure fall 
on walking was less when the leg was heated than when it was cool, and suggested 
that this resulted from the increased rate of blood flow into the heated leg. 

Much less information is available about venous mechanics in subjects with 
disorders of the leg veins. In patients with varicosities, Beecher* found that the 
pressure in superficial veins at the ankle stood at the full hydrostatic head in the 
erect subject and was relatively unaffected by exercise. Veal and Hussey’ 
measured popliteal vein pressures in the standing subject and reported that mean 
pressures were stable during exercise in normal persons but became elevated in 
cases of femoroiliac thrombosis. Comparison of oxygen saturation in varicose 
and in normal superficial veins was made by Holling, Beecher, and Linton,’ 
since it was thought that degenerative skin changes in the former subjects might 
result from a diminution in the rate of blood flow. No significant differences were 
found, however. 

METHODS 


Direct venous pressures were recorded by means of a Hamilton manometer. 
The lower end of the saphenous vein or a vein on the dorsum of the foot was well 
threaded with a No. 19 needle after preliminary procaine infiltration. The needle 
was filled with heparin and closed by an attached three-way stopcock. A needle 
so prepared and well-supported by adhesive tape will remain in position, and 
patent, for a long time, allowing repeated pressure determinations and with- 
drawal of blood samples. If the needle is well placed, it does not interfere with 
walking. No evidence of venospasm was encountered. For pressure determina- 
tions, the needle was connected with the lead tubing of the manometer by a 
length of No. 8 ureteral catheter. Mean pressures were determined by plani- 
metric integration of the record. 

Blood oxygen determinations were carried out in duplicate by the method of 
Van Slyke and Neill, and were required to check within 0.1 volume per cent. 


For venography, 35 per cent Diodrast was injected slowly through the 
catheter attached to the needle in quantities up to a total of 80 cubic centimeters. 
Stereoroentgenographs were found necessary in order to differentiate between 


deep and superficial veins. 

All studies were conducted with the patient in a standing position or on a 
tilt table at an angle of 70 degrees. Two standard exercises were used. ‘‘Rock- 
ing” consisted of rising on the toes so that the heels were one to two inches above 
the floor, and then settling back to bear most of the weight on the heel. This 
was repeated at a rate of about one cycle in two seconds. Standing-walking 
was performed at the same rate, each foot being lifted several inches off the 
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floor. Studies were conducted in an air-conditioned room at a temperature of 
23 to 25° centigrade. 
RESULTS 


Normal Subjects.—Observations have been made on eleven normal subjects. 
The results obtained with the rocking exercise are summarized in Table I. On 
motionless standing, the venous pressure at foot or ankle becomes equivalent 
to that of a column of water extending from the ankle approximately to the 
level of the right atrium. As indicated in Fig. 1,a, rocking produces large pressure 
fluctuations, the maximum occurring during contraction of the calf muscles and 
the minimum during relaxation. As exercise proceeds, the mean pressure rapidly 
declines to a level which is fairly stable so long as the exercise is kept constant. 
When the subject stops rocking and leans against a support, the pressure at 
once assumes its minimum value and then slowly rises in nearly a straight line. 
If pressures are expressed in terms of change from the full hydrostatic head 
(designated as a pressure of ‘‘O”’), the mean pressure during rocking averaged 
—32 + 7.0 mm. Hg; the average pressure following exercise was —51 + 7.0 mm. 
Hg; and the rate at which pressure rose to the resting level was 2.0 + 0.8 mm. 
Hg per second, taking on the average twenty-five seconds to return to its full 
value. The mean pressure during standing-walking or walking on a treadmill 
is often lower than during the rocking exercise (Fig. 2,a), but performance of the 
latter is more easily standardized, and it has been used as the basic comparative 
test throughout the study. 

Both mean pressure during exercise and the rate of pressure return on sub- 
sequent rest may be affected by circumstances which alter the rate of blood 
flow into the leg. Figs. 1 and 2 illustrate the effect of a warm environment in 
decreasing the fall of mean pressure during both types of exercise and in in- 
creasing the rate of pressure return at rest. A similar result was obtained in a 
normal subject after he had walked on a treadmill at 3 miles per hour for six 
minutes. Immediately prior to this, a pressure drop of —50 mm. Hg produced 
by rocking had returned during rest to the full hydrostatic head at a rate of 2.3 
mm. Hg per second. When treadmill-walking was abruptly stopped after six 
minutes and the subject stood quietly, the pressure rose from —35 mm. Hg at 
a rate of 9.0 mm. Hg per second. 

Diodrast injected into the superficial veins of the foot or ankle passes into 
both superficial and deep systems of the leg. The passage into the deep system 
takes place during motionless standing, as well as when rocking is carried out by 
the subject during injection. The location of valves is indicated by a localized 
oval enlargement of the vein. Valves occur more frequently in the deep veins 
than in the superficial. That portion of the deep system which is filled by 
Diodrast has a much greater capacity than the portion of the superficial system 
which is so demonstrated. When Diodrast is injected while the subject is 
rocking, pathways from the superficial to the deep system are sometimes brought 
out which were not filled during motionless standing. The reverse has not been 
observed. Films taken while the subject is bearing his weight on the toes show 
a lateral shift in position and distortion of the shape of some of the deep channels, 
but very little change in the superficial veins. 
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VENOUS PRESSURE IN FOOT 


Cool 
| 
-62 
Rocking Resting Pressure return 26 sec 
Worm 
> — 
-50 
Rocking Resting Pressure return 7sec 


Fig. 1.—a, Normal subject, erect position. Effect of rocking exercise on pressure in saphenous 
vein at the ankle at an ambient temperature of 23 to 25° centigrade. Horizontal line indicates full 
hydrostatic pressure head from needle to heart. Pressures are expressed in terms of deviation from this 
level in millimeters of mercury. 


b, Same subject. Effect of warming subject by wrapping body in a heated blanket. 


VENOUS PRESSURE IN FOOT, WALKING 


Cool 
a. 
Meon pressure - 57 Average moximum - 41 Average minirnum - 74 
a Worm 
Meon pressure - 39 Average moximum -l! Average minimum - 65 


Fig. 2.—a, Normal subject. Effect of standing-walking on pressure in saphenous vein at the ankle 
at an ambient temperature of 23 to 25° centigrade. Horizontal line indicates full hydrostatic pressure 
head from needle to heart. Pressures are expressed in terms of deviation from this level in millimeters 
of mercury. 


b, Same subject. Effect of warming body in a heated blanket. 
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The combined results of pressure measurements and venography provide a 
very clear demonstration of the means by which return flow from the superficial 
veins is managed when the subject is moving about in the upright position. 
As has been pointed out by McPheeters! and by Beecher,* blood is forced upward 
through the deep channels by the squeezing action of the calf muscles. Com- 
petent perforators prevent transmission of this pressure to the superficial system. 
During relaxation, the superficial veins drain through the perforators into 
the deep system. The hydrostatic column of the superficial system is broken by 
drainage of intervalvular segments of the superficial veins, with a consequent 
fall in pressure. Superficial pressures can be reduced markedly even by infre- 
quent muscular contractions, because the capacity of the deep system is much 
larger than that of the superficial. By these means the superficial tissues of the 
leg are normally drained at a surprisingly low pressure when the subject is in the 
upright position. 

The valvular and muscular arrangements by which the superficial veins 
of the leg are drained seem not to be duplicated in the venous system of the 
arm. Pressures in the vein on the radial border of the forearm near the wrist 
have been measured in three normal subjects. When the arm is allowed to hang 
by the side, a pressure is developed which is 2.0 to 4.0 mm. Hg in excess of the hydro- 
static head as measured from the fourth sternocostal junction. Competency 
of the valvular system is demonstrated by elevating the arm to drain the veins 
and then lowering it quickly. The pressure is then 20 to 30 mm. Hg below the 
previous level, but begins to return at once in nearly a straight line, regaining 
its former value in five to ten seconds. Clenching the fist of the dependent 
arm causes a momentary elevation of pressure up to 40 or 50 mm. Hg above the 
resting level, depending upon the violence of contraction. During relaxation, 
however, the pressure does not fall more than 4.0 to 5.0 mm. Hg below the resting 
level. The superficial veins of the dependent forearm are apparently not emptied 
in segments by drainage into the deep system during muscular contraction as is 
the case in the leg. In two subjects Diodrast was introduced into the radial 
vein during alternate clenching and opening of the fist. In one case the dye re- 
mained in the superficial system of the forearm; in the other, it also entered veins 
in the interosseous region. In both cases, all channels joined the basilic vein 
above the elbow. 

The oxygen content of blood from the superficial veins of the leg was de- 
termined in nine subjects (Table 1). When they were standing quietly at room 
temperature, the average percentage of saturation was 57 + 13. Rocking pro- 
duced no significant change. In Subject R. M., change from room temperature 
to a hot environment resulted in a rise of percentage saturation from 68 to 94, 
suggesting that most of the blood was passing through arteriovenous com- 
munications. Subsequent walking on a treadmill for five minutes reduced the 
value to 30 per cent. The low value during active exercise indicates a large share 
of muscle blood. Since perforating veins in the foot are valved for outward 
flow and those in the calf for inward flow, it is presumed that this muscle blood 
in the lower end of the saphenous vein originates from foot muscles. The ap- 
parent contribution of arteriovenous shunts and muscle flow from the foot to the 
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composition of blood in the lower end of the saphenous vein greatly restricts 
the validity of this measurement as an index of circulation in the adjacent skin. 


Patients With Venous Disorders of the Leg.—Eight patients were studied who 
had disorders of the venous system of the leg. The data collected on these pa- 
tients, together with a descriptive note as to their condition, are presented in 
Table II. All patients had slight to moderate ankle edema, and all had ulcers 
or a history of ulceration on the leg studied, except for Patients H. E. and G. O., 
who had brown pigmentation over the medial surface of the lower third of the leg. 

The resting venous pressure of these patients was at or slightly above the 
“OQ” level (fourth costochondral junction), with the exception of Patient T. H., 
who had marked elevation associated with a large femoral arteriovenous fistula. 
On rocking, the patients in this group displayed behavior in striking deviation 
from the normal. The mean pressure during exercise was not reduced or was 
reduced much less than normal. On subsequent quiet standing the pressure 
returned to its full value at a much more rapid rate than in normal subjects. 
For the group, the mean pressure during exercise was —1+ 13 mm. Hg, and the 
pressure immediately after exercise was —22 + 21 mm. of mercury. In three 
subjects the pressure was not reduced in the postexercise period, but immediately 
regained the resting value. In the remainder, the rate of pressure return during 
rest was 7 +2 mm. Hg per second. One further difference between this group 
and the normal subjects was noted, namely, the maximum pressures which oc- 
curred during exercise. At the onset of rocking, even normal subjects will show 
an initial high peak of pressure (from 15 to 78 mm. Hg, in the present study). 
Within three cycles the peak at each elevation of the heel is more or less constant 
and rarely rises more than a few millimeters of mercury above the zero level 
(Table I). In the abnormal group, even after exercise has become well estab- 
lished, pressures at each cycle continue to rise well above the zero level (Table I). 
These high pressures are probably effective in further dilating superficial veins 
and in breaking down their valves. The most favorable response to exercise in 
the group was exhibited by Patient M. D., who had an old thrombophlebitis 
and a chronic ankle ulcer. The average of several trials by this patient yielded 
a mean reduction during exercise of —16 mm. Hg, a minimum of —49 mm. Hg, 
and a return rate of 7.6 mm. Hg per minute. 


In general, the patients of this group failed to exhibit a normal reduction 
of mean pressure in the superficial system during exercise, sustained repeated 
high peaks of pressure in the superficial veins during exercise, and had a rapid 
return to full pressure at rest. Typical pressure tracings made during exercise 
are shown in Fig. 3. 

The means by which these deviations from normal function are produced 
depend upon the particular venous disorder. When deep veins of the calf have 
been occluded by thrombophlebitis, such channels as are recanalized appear to 
have lost efficient valvular function and can no longer provide a low pressure 
region to accept blood rapidly from the superficial veins. The functional re- 
sult, so far as the superficial system is concerned, is quite similar to that which 
exists normally in the forearm, except that the pressures involved are much higher. 
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Venograms of such a subject (G. A.), with old thrombophlebitis but no evident 
superficial varicosities, showed faint, irregular filling of a deep channel, with no 
apparent valves, and a dense shell of dilated, tortuous veins up to the diameter 
of a lead pencil surrounding the leg in the edematous subcutaneous tissue. In 
this case, the visible capacity of the superficial system was much greater than the 
deep. Under these circumstances, whatever valvular function may remain 
in the deep system is relatively ineffective in emptying the superficial veins. 
Here, the dilatation of superficial veins is apparently secondary to loss of function 
in the deep system. 


POST-PHLEBITIC VARICOSITIES AND ULCERATION 


Rocking Resting 
Meon pressure +5 Moximum pressure + 40 


NANA AA RK, 


Vy 


Walking 
Meon pressure +6 Moximum pressure + 56 


Fig. 3.—a, Patient with postphlebitic varicosities and ulceration. Effect of rocking exercise 
on venous pressure at the ankle, Pressures expressed as in previous figures. 


b, Same patient. Effect of standing-walking. 


Where dilatation and loss of valves in the superficial system is primary, 
as in most cases of varicosity, persistent pressure elevation is on a different basis. 
Here, the hydrostatic column cannot be broken by drainage into the deep system, 
even though the latter is functioning well, because of the loss of superficial valves. 
As demonstrated by McPheeters' and by Mahorner and Ochsner,® the application 
of a tourniquet at a carefully adjusted pressure above the knee will cause vari- 
cosities below the tourniquet to empty during exercise in cases where the valves 
of perforators and deep veins are competent. This is because these varicosities 
are no longer continuously supplied with blood from above. Pressure tracings 
made with and without such a tourniquet are shown in Fig. 4. This patient 
had large varices but competent perforators, as demonstrated by the Trendelen- 
burg test. On venography, a large, deep vertical vein which emptied well and 
had competent valves could be seen in the leg. As in the previous case, the 
dye was distributed by exercise through a dense shell of varicosities under the 
skin of the calf. 
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The oxygen content and percentage saturation of blood from the super 
ficial veins of this group were determined (Table II]). The average percentage 
saturation was 45 per cent. This does not represent a significant variation from 


the normal. 


SUPERFICIAL VARICOSITY, COMPETENT DEEP VEINS 


Rocking Resting 
Meon Pressure -5 Pressure return 3sec. 


Thigh Tourniquet 


Rocking Resting 


Meon Pressure -|9 Pressure return |3 sec. 


Fig. 4.—Patient with varicosities but competent perforators and deep veins. Upper figure shows 
the effect of the rocking exercise on venous pressure at the ankle. Lower figure shows the change 
resulting from application of a tourniquet to the thigh. 


DISCUSSION 


The fundamental abnormality which has been demonstrated in subjects 
with chronic venous disorders and secondary skin changes is loss of the ability 
to drain the skin and subcutaneous tissue of the leg at a low pressure when the 
subject is erect. There appears to be a variety of means by which this primary 
abnormality may produce secondary changes in the affected leg. 

Most writers have agreed that the edema associated with varicose veins and 
thrombophlebitis is, at least in part, the result of increased venous pressure. 
Our quantitative studies confirm this view. 

Skin pigmentation and the development of ulcers are usually ascribed to 
nutritional disturbances of the skin. The word “‘stasis’’ is often used to denote 
the mechanism of this disturbance, implying a decreased blood flow to the skin 
of the affected region. The primary agency of a decreased blood flow to the 
skin appears, however, to be doubtful. It is true that the normal leg is admir- 
ably equipped to benefit, in terms of blood flow, from the erect position. Because 
the hydrostatic head of the venous column is frequently and effectively broken 
by muscular contraction, while the same is not true of the arterial column, the 
resultant head of pressure by which blood is driven through the vessels of the 
leg is normally much greater, during motion, in the erect than in the recumbent 
position. This benefit is not available to a leg which has lost the normal valvular 
function of its veins. There is, however, no apparent reason to assume that the 
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rate of blood flow through such a leg is significantly decreased in the upright posi- 
tion below that in the recumbent position, since the hydrostatic pressures of 
arterial and venous systems are balanced. On the face of it, bed rest, which 
favors the healing of ulcers associated with venous disorders, should make no 
particular difference to the total volume rate (volume per unit time) of blood 
flow through the skin. The velocity (distance per unit time) of blood flow through 
dilated superficial veins will, of course, be slow even though the volume flow is 
normal, because of the large cross-sectional area. It is, however, the capillary 
circulation which is important to skin nutrition. If the capillaries of the skin 
are also dilated, the velocity of flow through them will likewise be decreased, 
and skin nutrition might well be impaired even with a normal volume flow. 
There appears to be no adequate information as yet on this point. 


It seems quite possible that chronic edema, resulting from prolonged eleva- 
tion of the venous pressure, may be the important factor in initiating degenera- 
tive skin changes. There are at least two means by which chronic edema might 
adversely affect the skin. The simplest is by mechanical disruption of cutaneous 
and subcutaneous structures. The second, and possibly the more important, 
is the interference with tissue nutrition which must result from the physical isola- 
tion of cells from their capillary supply by a sheath of edema fluid. Transfer of 
material between cell and capillary at the normal rate will then require a greater 
than normal diffusion gradient, a handicap which must reflect adversely upon 
the metabolic processes of the cell. 


It is apparent that skin changes, once begun, are furthered by mechanical 
trauma, repeated local infection, lymphatic blockage, and fibrosis. The sug- 
gestion is made that the primary factor may well be elevation of the venous 
pressure, with the production of chronic edema and possibly capillary dilatation, 
and the consequent impairment of skin nutrition. If this suggestion is correct, 
the beneficial effects of recumbency and pressure bandages are easily understood. 


The quantitative results of the present study have certain applications 
to the therapeutic use of pressure bandages. Patients with chronic venous dis- 
orders who are up and about maintain pressures in the leg veins which greatly 
exceed the normal, often by amounts of 50 mm. Hg or more. It is apparent that 
any bandage which is intended to counteract these pressures must be capable of 
firm resistance to increase in volume of the leg around which it is applied. A 
snugly fitting Unna paste boot meets this requirement well. It yields little, 
so that a small increase in leg volume (due to edema and venous distention) 
is met by a sharp rise in counterpressure. On the other hand, elastic bandages 
are not effective unless they are very firmly applied and so constructed that 
they strongly resist any further stretch. The full benefit of a pressure bandage 
will not be obtained unless it is applied firmly enough to prevent the formation 
of edema when the patient is up and about. 

Where obliteration of an incompetent superficial system is the object desired, 
as in patients with varicosities and a competent deep system, it is apparent 
that surgical procedures, such as multiple ligation and injection or stripping and 
excision,!° are to be preferred. 


AMERICAN HEART JOURNAL 


SUMMARY AND CONCLUSIONS 


1. A comparative study has been made of venous function in the legs of 
normal subjects and of patients with chronic disorders of the leg veins and sec- 
ondary skin changes. 

2. The subjects with venous disorders were found to have lost the normal 
ability to effect venous drainage of the superficial tissues of the leg at a low 
pressure in the upright position. 

3. It is suggested that this abnormality may be primarily responsible for 
the development of secondary skin changes. 
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PLASMA TOCOPHEROL LEVELS IN CARDIAC PATIENTS 


Janet M. LeMLeEy, M.S., RoBert G. GALE, M.D., ROBERT H. 
FurMAN, M.D.,* Mary E. CHERRINGTON, B.S., WILLIAM 
J. Darsy, M.D., AND GEORGE R. MENEELY, M.D. 


NASHVILLE, TENN. 


HE importance of the tocopherols in maintaining normal muscle function 

was established following Evans” description of muscular dystrophy in the 
offspring from rats fed a low vitamin E diet. In 1944 Houchin and Smith? 
reported myocardial damage in rabbits deprived of vitamin E. They attributed 
the sudden death of their animals to cardiac failure. Two other studies, by 
Mason and Emmel,’ and by Martin and Faust,‘ reported myocardial lesions in 
rats maintained on a diet deficient in tocopherols. Changes in the electrocardio- 
graphic patterns of vitamin E-deficient cattle’ and rabbitst have also been de- 
scribed. The possible relationship between vitamin E and cardiac function 
has been approached more specifically by Govier and co-workers,’ who have 
studied the effect of tocopherols on cardiac muscle metabolism. Holman’ 
found that the development of experimental arteritis in dogs could in some cases 
be prevented by vitamin E treatment. Recently Shute and his associates® 
have reported clinical improvement in patients with various cardiovascular 
lesions, following tocopherol therapy. 

In view of these findings suggesting a relationship between tocopherol 
deficiency and cardiac muscle changes, an attempt has been made to determine 
whether patients with heart disease present any evidence of subnormal toco- 
pherol nutrition. At present there are no known clinical evidences of tocopherol 
deficiency in man. The laboratory determination of plasma tocopherol level 
is so far the only criterion of tocopherol nutrition. 


MATERIAL AND METHOD 


The tocopherol content of the blood plasma was determined in twenty- 
one healthy young adults, sixty-two patients known to have cardiac disease, 
and forty-two individuals who constituted a random sample of the hospital 
ward population. The total tocopherols were determined by the chemical 
method of Quaife and co-workers,’"° and the results were expressed as milli- 
grams of a tocopherol per 100 ml. of plasma. 


From the Departments of Medicine and Biochemistry, Vanderbilt University School of Medicine. 

This investigation was supported by research grants from the Division of Research Grants and 
Fellowships of the National Institutes of Health, United States Public Health Service; The Eli Lilly 
Company; Ciba Pharmaceutical Products, Inc.; and Distillation Products, Inc. 

*National Research Council Fellow in Medicine. 
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RESULTS 
I. Plasma Tocopherol Levels in Normal Subjects.—The available data con- 


cerning plasma tocopherol levels in normal subjects are summarized in Table I. 
As indicated here, various groups have reported essentially similar values for 


TABLE I. NorMAL PLASMA TOCOPHEROL LEVELS 


| NUMBER OF | MEAN | 
| CASES (MG. PER CENT) Ss. D 
= | 
Wechsler, Mayer, and Sobotka | 12 | 0.96 
Quaife and Harris 13 | 1.20 +0.22 
Darby, Cherrington, and Ruffin 10 1.06 +0.06 
Harris, Hickman, Jensen, and Spies 70 1.04 | 40.32 
Present report | 21 1.09 | +0.17 
$50 
Y 
NORMALS 


PERCENTAGE FREQUENCY 
2) 
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Fig. 1.—Frequency distribution of plasma tocopherol levels in normal subjects and in cardiac patients. 


plasma tocopherol levels in normal individuals. In the present investigation 
the average tocopherol level in twenty-one normal adults was 1.09 + 0.17 mg. 
per cent, a value which agrees with those reported from other laboratories. 
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Il. Plasma Tocopherol Levels in Cardiac Patients—Plasma_ tocopherol 
levels were determined in sixty-two patients with various types of heart dis- 
ease. They were equally distributed as to age and sex. The average value was 
0.94 + 0.35 mg. per cent, ranging from 0.25 to 1.89 mg. per cent. Fig. 1 shows 
the distribution of plasma tocopherol levels in normal and cardiac patients. 
The mean tocopherol level of cardiac patients was significantly lower than that 
of young healthy adults, and there was a greater incidence of low tocopherol 
levels in cardiac patients than in normal individuals. 
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Fig. 2.—Frequency distribution of plasma tocopherol levels in the general 
patient group and in cardiac patients. 


Ill. Plasma Tocopherol Levels in a General Patient Group.—The next prob- 
lem was to determine whether the pattern of tocopherol: levels in patients with 
heart disease was different from that in other hospital patients. A third series 
of individuals was chosen at random from the hospital population. No effort 
was made to select the patients according to type of disease, but the group was 
equally distributed with regard to age and sex. The average plasma tocopherol 
level for this group was 0.92 + 0.29 mg. per cent, ranging from 0.42 to 1.68 mg. 
per cent. The mean tocopherol level in the general patient group was not sta- 
tistically different from that found in the cardiac group, but it was again sig- 
nificantly lower than the mean value for young healthy adults. Fig. 2 shows 
the frequency distribution of tocopherol levels in the two groups, general and 
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cardiac patients. The pattern of tocopherol levels in patients with heart dis- 
ease was no different from that of other hospital patients picked at random. 
Thus, although some cardiac patients show lower tocopherol levels than normal 
subjects, this trend is not peculiar to individuals with cardiac disease, but is 
apparently a characteristic of patients in general. 

IV. Relation of Tocopherol Level to Cardiac Classification—The cardiac 
patients were divided into four groups according to their ability to perform 
physical activity. This method of classification, established by the New York 
Heart Association," defines the four classes of cardiac patients as follows: 


Class I: Patients with no limitation of ordinary physical activity. 
Class II: Patients with slight limitation of ordinary physical activity. 
Class III: Patients with marked limitation of physical activity. 

Class IV: Patients who are unable to carry on any physical activity. 
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Fig. 3.—Relation between cardiac classification and plasma tocopherol level. 


The plasma tocopherol levels of patients in each of the four cardiac classes 
were then compared. In Fig. 3 the individual plasma levels have been plotted 
against cardiac classification. The mean plasma tocopherol was not signifi- 
cantly different in any of these classes. Furthermore, the incidence of low toco- 
pherol levels was no greater in those patients showing more severe cardiac im- 
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pairment. If plasma tocopherol levels are a measure of tocopherol nutrition, 
then these data give no evidence for a direct relationship between tocopherol 
nutrition and cardiac muscle function. 


V. Relation of Tocopherol Level to Sex, Color, and Age.—Since the pattern 
of tocopherol levels was essentially similar in cardiac patients and patients in 
general, data from the two groups were combined for further study. In this 
group of 104 patients, no correlation was found between tocopherol level and 
sex or color. However, there is evidence of a significant positive correlation 
between plasma tocopherol and age. This relationship is shown when the in- 
dividual plasma tocopherol levels are plotted against the age of the patient 
(Fig. 4). The degree of association between tocopherol level and age was meas- 
ured statistically, and a positive correlation coefficient of + 0.343, with a stand- 
ard error of + 0.098 was obtained. 
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Fig. 4.—Relation between plasma tocopherol level and age. 


SUMMARY 


1. The average plasma tocopherol level in sixty-two patients with heart 
disease was 0.94 mg. per cent, a value which was significantly lower than the 
mean of 1.09 mg. per cent found in twenty-one healthy young adults. In ad- 
dition, there was a greater incidence of very low levels among the cardiac 
patients. 

2. The plasma tocopherol level was determined in forty-two patients con- 
stituting a random sample of the hospital population, and an average value of 
0.92 mg. per cent was obtained. This value was also significantly lower than 
that in normal subjects, but was essentially the same as that found among 
cardiac patients. Furthermore, the incidence of low tocopherol levels was no 
greater in patients with heart disease than in hospital patients in general. In 
so far as plasma tocopherol levels are a measure of tocopherol nutrition, no evi- 
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dence was found for differences between tocopherol nutrition in cardiac pa- 
tients and that in other patients picked at random from the general hospital 
population. 

3. Tocopherol levels of patients in each of the four cardiac classes were 
essentially similar. No relationship was found between the tocopherol level 
and the severity of cardiac impairment. 

4. No correlation was found between the tocopherol level and sex or color, 
but there was a positive correlation between the tocopherol level and age. 


REFERENCES 


1. Evans, H. M., and Burr, G.O.: Development of Paralysis in the Suckling Young of Mothers 
Deprived of Vitamin E, J. Biol. Chem., 76:273, 1928. 

2. Houchin, O. B., and Smith, P.W.: Cardiac Insufficiency in the Vitamin E-Deficient Rabbit, 
Am. J. Physiol. 141:242, 1944. 

3. Mason, K. E., and Emmel, A. F.: Vitamin E and Muscle Pigment in the Rat, Anat. Rec. 
92:33, 1945. 

4. Martin, G. J., and Faust, F. B.: The Heart in Avitaminosis E, Exper. Med. & Surg. 5:405, 
947. 

5. Gullickson, T. W., and Calverley, C. E.: Cardiac Failure in Cattle on Vitamin E-Free 
Rations as Revealed by Electrocardiograms, Science 104:312, 1946. 

6. Govier, W. M., and Jetter, N.S.: The Effect of <-Tocopheryl Phosphate on Diphospho- 
pyridine Nucleotidase, Science 107 :146, 1948. 

7. Holman, R. L.: Prevention of Experimental Arteritis in Dogs by Vitamin E., Proc. Soc. 
Exper. Biol. & Med. 66:307, 1947. 

8. Shute, E. V., Vogelsang, A. B., Skelton, F. R., and Shute, W. E.: The Influence of Vitamin 
E on Vascular Disease, Surg., Gynec., & Obst. 86:1, 1948. 

9. Quaife, M. L., and Harris, P. L.: The Chemical Estimation of Tocopherols in Blood 
Plasma, J. Biol. Chem. 156:499, 1944. 

10. Quaife, M. L., and Biehler, R.: A Simplified Hydrogenation Technique for the Deter- 
mination of Blood Plasma Tocopherols, J. Biol. Chem. 159:663, 1945. 

11. Wechsler, I. S., Mayer, G. G., and Sobotka, H.: Tocopherol Level in Serum of Normals 
and Patients With Amyotrophic Lateral Sclerosis, Proc. Soc. Exper. Biol. & Med. 
473152, 1941. 

12. Darby, W. J., Cherrington, M. E., and Ruffin, J. M.: Plasma Tocopherol Levels in Sprue, 
Proc. Soc. Exper. Biol. & Med. 63:310, 1946. 

13. Harris, P. L., Hickman, K. C. D., Jensen, J. L., and Spies, T. D.: Survey of the Blood 
Plasma Levels of Vitamin A, Carotene, Ascorbic Acid, and Tocopherols of Persons 
in an Area of Endemic Malnutrition, Am. J. Pub. Health 36:155, 1946. 

14. Nomenclature and Criteria for Diagnosis of Diseases of the Heart (Edited by the New 
York Heart Association), ed. 4, New York, 1940, J. J. Little & Ives Company, p, 71. 


THE POTENTIAL DIFFERENCES BETWEEN MULTIPLE CENTRAL 
TERMINALS EACH CONNECTED TO A SEPARATE 
SET OF LIMB ELECTRODES 


Morey J. Kert, M.D.,* Los ANGELEs, CALIF., AND 
J. Marion Bryant, M.D., ANN Arbor, MICH. 


N A recent publication Groedel!' reports that he has found significantly large 

potential differences between three central terminals each connected to a 
separate set of three limb electrodes. He does not mention the size of the 
resistances between the limb electrodes and the central terminals. One central 
terminal was attached to electrodes near the junctions of the extremities with 
the trunk, one to electrodes near their distal ends, and the third to electrodes 
near the second joints. The largest potential difference observed amounted to 
approximately 0.5 millivolt. It was stated that ‘‘a final electrophysical explana- 
tion’”’ could not be given. The conclusions, however, were ‘‘that at the central 
terminal there is a considerable potential, which is neither zero nor approximately 
zero,”’ and ‘‘that the central terminal offers no practical advantage for its further 
use in obtaining so-called unipolar chest leads.”’ 

It is not our purpose here to attempt either to prove or to disprove that the 
potential variations of a central terminal connected to the limb electrodes 
through large resistances are negligible, but rather to explore the situation which 
exists when several central terminals are joined to electrodes on the limbs in the 
manner specified. 

METHODS 


Two metal electrodes approximately 1.0 cm. in diameter were placed in the 
midsternal line and connected to the output terminals of a beat-frequency 
oscillator. In this way a low-frequency (25 cycles per second) alternating 
current of 0.35 to 0.5 milliampere was introduced into the chest of a normal sub- 
ject. The strength o/ the electrical field thus set up in the body could be varied 
either by changing the size of the current or by changing the distance between the 
input electrodes. Our purpose in creating an artificial electrical field, instead of 
studying that associated with the heart beat, was to place the intensity of the 
field under our control and to substitute a simple wave form for the complicated 
electrocardiographic deflections. 

Five German silver electrodes of the pattern commonly used in electrocar- 
diographic studies were placed on each of the three extremities from which the 


From the Department of Internal Medicine, University of Michigan Medical School. The obser- 
vations upon which this article is based were made with the aid of grants to Dr. Frank N. Wilson from 
the Horace H. Rackham School of Graduate Studies and the 8. 8. Kresge Foundation. 

*Aided by a fellowship from the Dazian Foundation for Medical Research. 


1035 


1036 AMERICAN HEART JOURNAL 


standard limb leads are taken. The arrangement of these electrodes is shown in 
the diagram reproduced in Fig. 1. The electrodes labeled J, 2, and 3 were approx: 
mately two inches apart and those labeled A and B, approximately five inches 
apart. Two additional electrodes, not shown in Fig. 1, were placed at the humera! 
attachments of the deltoid muscles for the purpose of taking standard Lead |. 
This lead was taken simultaneously with each of the other leads employed. All 
records were taken with the Sanborn Tri-beam electrocardiograph. Each 


Fig. 1.—Diagrammatic representation of the locations of the electrodes in Experiments 1 and 2 
Leads from Electrode A to Electrode B were used to estimate changes in the current flowing along the 
extremity produced by connecting the distal electrodes to one or more central terminals. Numbers 
1, 2, and 3 indicate the positions of the limb electrodes to which the central terminals were attached. 


central terminal used was connected to the Number 1, the Number 2, or the 
Number 3 electrodes. The more proximal electrodes, A and B, were used to 
obtain information concerning the flow of current along each extremity when 
one or more of the distal electrodes was connected to a central terminal. In 
Figs. 2 and 3 the A to B lead from the right arm is labeled R; that from the 
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left arm, ZL; and that from the left leg, F. When more than one central terminal 
was connected, the potentials of the various central terminals were compared 
by leading from one to the other. 


DESCRIPTION OF EXPERIMENTS 


Experiment 1.—In this instance the current and the distance between the 
input electrodes were adjusted in such a way as to yield deflections in Leads I] 
and III of the maximum size that could be conveniently recorded simultaneously 
with Lead I on bromide paper 6.0 cm. in width. The electrocardiograph was 
operated at its normal sensitivity. The input current was 0.35 milliampere 
and it was maintained at this value with the aid of a milliammeter. All deflec- 
tions were measured to the nearest 0.5 millimeter. Leads from the A to the B 
electrode on each extremity were taken before and after a central terminal was 
connected directly, that is, without resistances, to one of the sets of distal elec- 
trodes, and after first one, then a second, and then a third central terminal was 
connected through 5,000 ohm resistors in successive steps. Finally, the potential 
differences between the central terminals connected through resistors were re- 
corded; that is, the single potential difference when only two were connected, 
and the three potential differences between the different pairs when three were 
connected. 


Strips of the tracings obtained are reproduced in Fig. 2. These were cut 
in such a way as to avoid sections where the sine waves were distorted by the 
subject’s electrocardiogram. The standard limb leads show very large deflec- 
tions in Leads II and III and these are out of phase with the small oscillations 
in Lead I. Consequently, the algebraic sum of the deflections in Leads I and 
III is 43 millimeters. The deflections in Lead II measure 40 millimeters. Before 
any of the distal electrodes (1, 2, and 3) were connected through a central ter- 
minal the oscillations in the leads from the A to the B electrode on each of the 
three extremities (labeled R, ZL, and F) were so small as to be barely visible. 
At this time, therefore, the currents flowing through the internal tissues of the 
extremities toward or away from the trunk were of negligible magnitude. When 
a central terminal was joined to a set of distal electrodes without intervening 
resistances, the deflections in these same leads approached those of Lead I in size. 
On the other hand, they were not much larger after than before a central terminal 
was attached to the same set of limb electrodes through 5,000 ohm resistors. 


They increased in amplitude when a second, and again when a third central 
terminal of the same kind was connected, but the currents flowing through the 
limbs were only about two-thirds as large after the connection of three central 
terminals through resistors as they were after the connection of one terminal 
without resistors. When two central terminals were connected to the extremities 
through resistors, the difference in potential between them was small. When 
three central terminals were connected through resistors, the differences in poten- 
tial between the different pairs were somewhat larger and not all equal. The 
largest oscillations recorded by leading from one terminal to another are about 
1.0 mm. in amplitude. 
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Fig. 2.—Experiment 1. Records of potential differences produced by introducing a small 25 cycle 
current into the body of a normal subject. Leads R, L, and F are leads from the A to the B electrodes 
on the right arm, left arm, and left leg, respectively. The leads at the bottom of the figure show 
the differences in potential between the various central terminals. Lead I was taken simultaneously 
with each of the other leads used. Arabic numerals give the amplitudes of the deflections in millimeters. 
The electrocardiograph was used at its normal sensitivity. 
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Experiment 2.—In order to obtain larger deflections a second experiment 
was performed in which the maximal current (0.5 milliampere) which the oscillator 
was capable of producing was employed. At the same time, the distance between 
the input electrodes was made as large as possible so as to give the electrical 
moment, which is measured by the product of the current and the distance 
between the electrodes, the greatest value attainable. In addition, the records 
were taken with the electrocardiograph operating at double its normal sensi- 
tivity. Under these circumstances the potential variations of the extremities 
were naturally of such great magnitude that it was impossible to record the 
deflections in Leads II and III. The potential differences between the Elec- 
trodes A and B and between the central terminals were recorded exactly as in 
-xperiment 1. 

The tracings obtained are reproduced in Fig. 3. Before any of the distal 
electrodes were joined to a central terminal the deflections in Leads R, L, and F, 
which are a measure of the currents flowing in the extremities, were slightly 
larger than those recorded in our first experiment under the same circumstances, 
but still extremely small. They became very large, however, when a central 
terminal was connected, without intervening resistors, to the limb electrodes of 
Set 1. The increased flow of current along the limbs was accompanied by a 
50 per cent increase in the voltage of the deflections of Lead I. It will be noted 
that the large current in the leg (F) was 180 degrees out of phase, while the cur- 
rents in the two arms (R and L) were in phase, with the potential differences 
which this lead recorded. Since the line joining the input electrodes was nearly 
parallel to the long axis of the trunk, the potential of the left leg was positive when 
the potentials of the two arms were negative, and vice versa. Consequently, 
the leg current was flowing toward the central terminal when the arm currents 
were flowing away from it, and conversely. It should be noted that the relative 
amplitude of the oscillations in Leads R and L measures the relative magnitude 
of the JR drops between the A and B electrodes on the two arms and not neces- 
sarily the relative magnitude of the currents flowing in these extremities. There 
is, however, little question that in this particular instance the current in the left 
arm was considerably larger than that in the right; this was the cause of the 
increased voltage of the deflections in Lead I. 


When a central terminal with resistances of 5,000 ohms was substituted for 
the central terminal without resistances, the deflections in Lead I decreased to 
their original size; the amplitude of the oscillations in Lead R fell from 6.0 to 
3.0 mm.; that of the oscillations in Lead L, from 16 to 3 mm.; and that of the 
oscillations in Lead F, from 30 to 8 millimeters. When a second, and then a 
third, central terminal with resistances were connected, these oscillations became 
larger again, particularly in Leads R and F. The failure of the current in the 
left arm to increase more than it did when the second and third terminals were 
added is rather surprising; it may be that the resistances of the areas of skin 
beneath the Number 2 and Number 3 electrodes on the left arm were large in 
comparison with the skin resistances beneath the corresponding electrodes on the 
other extremities. It will be noted that the disproportionate increase in the 


1040 AMERICAN HEART JOURNAL 


ON 0 TWO DN 


Mm 


I I| 3 


TH IL 


20 st 


Fig. 3.—Experiment 2. The leads are the same as those shown in Fig. 


2. 


AND. 


19} ST 


AND 


The current and the 
distance between the input electrodes were adjusted to give the maximal electrical moment attainable. 
The lower beam was standardized at double the normal sensitivity. Arabic numerals give the ampli- 
tude of the deflections in millimeters. The last two strips show standardization before and after the 
experiment and demonstrate a very slight change in the sensitivity of the electrocardiograph. 
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current in the right arm as compared to that in the left was accompanied by a 
reduction in the size of the deflections in Lead I. 


All of the potential differences between the central terminals, with one 
exception, were so large that they could not be satisfactorily recorded. The 
last two strips of record in Fig. 3 show the effect of throwing a millivolt into the 
electrocardiographic circuit at the beginning of the experiment, and again at the 
end. The sensitivity of the instrument decreased slightly during the interval 
which elapsed between the two tests. 


DISCUSSION 


It is evident that the phenomena described were dependent, in one way or 
another, upon the absolute and relative magnitudes of the resistances, or other 
parameters, of the circuits established by connecting one or more central terminals 
to the electrodes on the limbs. The circuit elements referred to are indicated in 
the diagram reproduced in Fig. 4. The five electrodes, A, B, 1, 2, and 3, on 
each of two extremities are shown, together with the resistances, R,, Rp, R1, 
and so forth, between them and the internal tissues. The resistances of the 
internal tissues of the segments of the extremities between the various electrodes 
and between the A electrodes and the poles of the battery £;, which represents 
the open-circuit potential difference between the two extremities, have been 
assigned the symbols r,, 7», 7-, and so forth. To avoid complications the third 
extremity is not included in the diagram. When it is necessary to distinguish 
between the circuit elements of one extremity and those of another, we shall use 
unprimed symbols when referring to circuit elements associated with the right 
arm, primed symbols for the corresponding elements associated with the left 
arm, and double-primed symbols for those associated with the left leg. The 
symbols A, A’, and A”, for example, refer to the A electrodes on the right arm, 
left arm, and left leg, respectively. For the equal resistances in the branches 
of the central terminal we shall use the symbol R. 


The circuit diagram of Fig. 4 is very much like that of a Wheatstone bridge, 
but has three branches connected in parallel instead of only two. These are the 
branches in which the central terminals lie. It is clear that the voltage drop in 
each of them is equal to the difference in potential between the nodes X and X’. 
The potential of each of the central terminals, with reference to that of either of 
these nodes, is determined by the ratio of the two resistances (or sums of resist- 
ances) which separates the one from the other. The potential of the terminal 
connected to the two Number 1 electrodes is, then, determined by the ratio 
(R+ R;): (R+ R’;); that of the terminal connected to the Number 2 electrodes, 
by the ratio (R+ Re+ ra): (R+ R’2+ r’a); and that of the terminal connected 
to the Number 3 electrodes, by the ratio (R+ R3+ ra): (R+ R’st 
When these three ratios are equal, the three terminals are necessarily always at 
the same potential, and when any two of them are equal, the potentials of the 
corresponding terminals are equal. If the two equal resistances R are very 
large in comparison with the differences in magnitude between the members 
of each of the other pairs of resistances involved, the differences in potential 
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between the three central terminals will be negligible. The members of the 
pairs of skin resistances, R;, R’1; Ro, R’2; and R;, R’3, are those most likely to be 
unequal, for the skin resistance is usually high in comparison with the resistance 
of the internal tissues and is to a large extent dependent upon the technique used 


Ra 
A 


Schematic representation of the electrical circuits established by connecting three central 
terminals to separate sets of limb electrodes on two extremities. fr, resistance of internal tissues; R, 
resistance of skin beneath electrode; CT, central terminal; A and B, electrodes used to estimate changes 
in current flowing along extremity; /, 2, and 3, sets of limb electrodes attached to the three central 
For the sake of simplicity the third extremity is not shown in the diagram. See text for 
further details. 
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It would, of course, be possible to measure the 
resistances between the limb electrodes of each set and then equalize them by 
adding the appropriate resistances to the arms of each of the central terminals. 
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This procedure would insure that all of the central terminals would be at the same 
potential. 

When each of the different central terminals is connected to three limb elec- 
trodes instead of two the situation is considerably more complicated, but the 
principles involved are the same. There are then three nodes, X, X’, and X”, 
and the potential of each terminal with respect to them is determined by two 
ratios. In the case of the terminal connected to the Number 1 electrodes, 
these ratios are defined by the expression (R + R:): (R+ R’;): (R+ R"”)). 
The corresponding ratios for the other terminals are the following: 

(R+ Ret ra): (R+ Rot r’a): (R+ rq) and 

(R+ Rast rat re): (R+ Rost r’.): (R+ st 

If these ratios are equal the potentials of all three terminals must be the same. 

The Leads R, L, and F in our experiments recorded the voltage drops across 
the resistances 7p, 7’», and r’’,, respectively. Consequently, the deflection in 
each of these leads represents the product of the corresponding resistance and 
the current flowing through it. Since the resistances involved are those of the 
internal tissues, it may be assumed that they did not vary. The currents, 
on the other hand, were determined by the ratios of the voltages acting in the 
respective circuits to the total resistances in these circuits. When the resistances 
between the limb electrodes are equal the equations which define the currents 
in the branches of the central terminal, and therefore in the extremities to which 
they are connected, are of the following type: 


Es; 


Ry + 3Re+ 3R 


Here ir is the current in the left leg; EZ, and E; are the open-circuit voltages in 
Leads II and III, respectively; Ry is the resistance of the trunk; Rr is the total 
resistance of the left leg, and therefore represents the sum of the skin resistance 
and the resistance of the inner tissues; and R is the value of the equal resistances 
in the branches of the central terminal. 

It is obvious that when R is large the currents in the extremities are small. 
When it is very large in comparison with the resistances in the limb leads, each 
of which is the sum of the resistances of two extremities plus the resistance of the 
trunk, the current in a given limb will be strictly proportional to the algebraic 
sum of the open-circuit voltages in the two standard limb leads in which that 
limb is attached to the electrocardiographic terminals. In this case inequalities 
of the skin resistances will have no significant effect upon the potential of the cen- 
tral terminal. When R is small the opposite will be the case. The flow of current 
through the extremities will be large, and this will not only increase the effects 
in question but may give rise to others due to polarization in the skin. What may 
happen when the resistances in the arms of the central terminal are dispensed 
with is, therefore, unpredictable. Connecting three central terminals to separate 
sets of electrodes may be expected to have about the same effect upon the size 
of the currents in the limbs as that produced by reducing the magnitude of re- 
sistances in the arms of the central terminal by two-thirds. 
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CONCLUSIONS 


It is true that, under certain circumstances, multiple central terminals 
each connected to a separate set of limb electrodes are not at the same potential. 
The differences in potential between them are due to inequalities in the resist- 
ances between the limb electrodes to which they are attached, and these in turn 
are probably due chiefly to inequalities in the resistances of the areas of skin 
beneath these electrodes. 

These differences in potential will not occur if the resistances between the 
limb electrodes are measured and equalized, or if the resistances in the arms 
of the central terminals are sufficiently large. 

The phenomena in question do not have an important bearing upon the 
validity of the Einthoven triangle or upon the usefulness of the central terminal 
as a reference electrode. They do indicate that the resistances in the arms of 
the central terminal should be as large as practicable. 
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CLINICAL STUDIES ON TWENTY-ONE CASES OF 
COARCTATION OF THE AORTA 


M. J. SHapiro, M.D. 
MINNEAPOLIS, MINN. 


HE success of surgical treatment of coarctation of the aorta stimulated 

this study of the clinical data in twenty-one cases. It is obvious from a 
study of the literature that the diagnosis of coarctation is still frequently missed. 
Abbott! in 1928, in her report on 200 autopsied cases, found a correct clinical 
diagnosis in only twenty-eight (14 per cent), while Reifenstein, Levine, and 
Gross? in 1947 found that a correct clinical diagnosis had been made in forty-two 
(40 per cent) of their 104 cases. A number of other current articles** point out 
the frequency with which the correct diagnosis is overlooked. 

Patients with coarctation of the aorta seldom consult a physician because 
of symptoms. Most cases are found accidentally during routine examination. 
Others are referred for cardiac study because of a murmur heard over the heart. 
The absence of symptoms, however, is misleading. While most of these in- 
dividuals are in apparent good health, the majority die in early life. In Abbott’s 
series,! 74 per cent, and in the series reported by Reifenstein and co-workers,’ 
61 per cent died before or during their fortieth year of life. The average age 
at death was 35 years. 

The present study was undertaken primarily to determine the reasons 
for failure to make an early correct diagnosis and also to observe the progress 
of the disease in patients followed from childhood for a number of years. It was 
hoped that examination of the clinical data might help in determining which 
patients should be treated surgically. Of the twenty-one patients who have come 
under my observation, twelve have been studied from one to five years; five, 
from five to ten years; and four, for ten years or more. As in all other series, 
the male sex predominates. In this group there were three female and eighteen 
male patients. In only three cases was the correct diagnosis made before the 
patient was seen in the clinic. In one case an abnormal shadow found during 
the routine chest x-ray survey led to the correct diagnosis. In all other instances, 
the patients were referred for cardiac study either because it was known that the 
child had had a cardiac murmur since birth or because of a murmur found during 
routine school physical examination. 

Age of Patients.—When first examined, seventeen of the patients were under 
20 years of age; twelve were under 10; in one the diagnosis was made at 2 years 
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of age. Five were between the ages of 20 and 45. One was first examined ai 
67 years of age. He is now 72 years old and is in cardiac failure, but had been in 
excellent health until two years ago. 


Murmurs.—A systolic murmur over the apex and over the aortic area is 
commonly heard in coarctation of the aorta. Usually this murmur is loudest 
over the aortic area. Occasionally a typical machinery murmur is heard over 
the pulmonic area, indicating an accompanying patent ductusarteriosus. Dias- 
tolic murmurs heard along the left border of the sternum or over the aortic area 
indicate aortic regurgitation commonly secondary to a bicuspid aortic valve, 
an anomaly which occurs in 30 to 40 per cent of the cases of coarctation. In our 
series, we found seventeen patients with a systolic murmur at the apex, twenty 
with a systolic murmur over the aortic area, three with an accompanying dias- 
tolic murmur, and one with a machinery murmur (Table 1). In one case no 
murmur was heard over the heart. There is nothing characteristic about the 
systolic murmur heard over the anterior chest. There is, however, a more 
definitely diagnostic murmur commonly heard over the back on either side of the 
vertebral column and around the area of the angle of the scapulae and in the 
axillae. This is a superficial vascular murmur which is generated in the enlarged 
collateral vessels. The detection of this murmur, particularly in young patients, 
was often the first clue which led to a correct diagnosis. This murmur is loudest 
over the enlarged vessels and diminishes in intensity as the bell of the stethescope 
leaves this area. The murmur increases in intensity again as one nears the next 
enlarged vessel. Not infrequently the murmur in the back is louder than the 
murmur over the heart. 


TABLE J]. Type AND LOCATION OF MURMURS 


SYSTOLIC 
APEX | AORTIC AREA BACK 
17 | 20 20 3 1 


In one case no murmurs were heard over the heart. 


Size of the Heart.—Hypertrophy of the left ventricle is a common finding in 
coarctation of the aorta. The enlargement of the left ventricle, however, is 
not as great as one would expect. The heart is more often enlarged in those 
patients with higher blood pressures. However, in some cases, as has been pointed 
out by other investigators,’ patients with very high blood pressure, even though 
followed over many years, fail to show any considerable increase in the size of 
the left ventricle. Case 1 (Tab'e II) is an example of this type. This young 
man, first examined at the age of 18 and followed for two years, has a systolic 
blood pressure of over 200 mm. Hg, yet has no apparent enlargement of the heart. 
In those of our patients who have been observed from early childhood there is a 
gradual increase in the size of the heart. In two patients (Cases 2 and 3) marked 
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left ventricular enlargement was present at 6 years of age. In ten patients there 
is either no enlargement or merely slight left ventricular enlargement. In 
six of these there is, nevertheless, marked hypertension (Cases 1 and 4 to 8). 
The patient with the largest heart in our group had in addition to a marked 
coarctation a rheumatic aortic regurgitation and stenosis (Case 9). 


Blood Pressure.—The most significant clinical finding in coarctation of the 
aorta is the increased blood pressure in the arms with a diminished pressure in 
the lower extremities. Hypertension, however, does not always occur. A study 
of the blood pressure readings in our cases reveals that among the younger 
patients the pressure gradually increases. However, in several instances (Cases 
10 to 13), the blood pressure has remained within normal limits during the period 
of observation. In five patients (Cases 2, 3, 4, 7, and 8) there was a definite 
increase in blood pressure at the early age of 6 or 7 years. There does not appear 
to be a good correlation between the height of the pressure and the grade of coarc- 
tation. The difference between the height of the pressure in the arms and that 
in the legs seems more important. Considerable difference between the blood 
pressure in the upper and lower extremities usually indicates a high grade aortic 
obstruction. 


Collateral Circulation.—A child born with coarctation of the aorta will grad- 
ually develop collateral circulation as the ductus arteriosus closes. When the 
collateral blood is supplied by the greatly enlarged intercostal vessels, erosion of 
the ribs results. When this occurs, it produces a roentgen picture which is pathog- 
nomonic. However, when the bulk of the collateral circulation takes a route 
other than through the intercostals, no erosion of the ribs will occur.*7 


In our series, thirteen patients, when last examined, had erosion of the ribs 
of varying degree. In ten of our younger patients, no erosion was present when 
they were first examined, but it gradually developed during the years of observa- 
tion. Four patients (Cases 2, 3, 4, and 14) had well-advanced erosion of the ribs 
at the early age of 6 years. For instance, Case 14, a young man who is now 22 
years of age, was examined first at the age of 6 years. It will be noted (Fig. 1) 
that he already has marked erosion of the ribs. Now at the age of 22, the erosion 
of the ribs is much more advanced (Fig. 2). Case 3 was first examined at the 
age of six when he had far advanced erosion of the ribs (Fig. 3). Now at the age 
of 12, the erosion of the ribs has progressed further (Fig. 4). It is obvious that 
when extensive erosion of the ribs can be observed at the age of 6, this process 
must have had its inception some years previously. 


When erosion of the ribs occurs in the young individual, one can conclude 
that marked constriction of the aorta is present. However, far advanced coarc- 
tation of the aorta does occur without any evidence of erosion of the ribs. The 
following case is a good example of this type: 


Case 9, a young man of 26 who died in cardiac failure, was found to have a 
tremendously enlarged heart and high grade coarctation of the aorta with an 
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Fig. 1. Fig. 2. 


Fig. 1.—Well-advanced erosion of the ribs at the age of 6 years. 


Fig. 2.—More marked erosion of the ribs in the same patient at the age of 22 years. 


jo-24-47 


Fig. 3. Fig. 4. 


Fig. 3.—Far-advanced erosion of the ribs and marked enlargement of the heart at the age of 6 years. 


Fig. 4.—More marked erosion of the ribs at the age of 12 years. Note also the shadow 
of the enlarged left subclavian artery. 
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accompanying rheumatic aortic lesion, yet his x-ray film shows only questio: 


able erosion of the ribs (Fig. 5). 


Another characteristic finding on the x-ray film’:’ results from the marked en- 
largement of the left subclavian artery. This vessel enlarges tremendously and 
in some instances is as large as the aorta. The enlarged subclavian artery has 
frequently been mistakenly interpreted as the aortic knob. The aortic knob, 
however, in coarctation is usually not prominent. This is due to the fact that 
it is pulled downward and medially by traction of the ligamentum arteriosum 
so that the aortic knob is frequently behind the sternum. The enlarged sub- 
clavian artery produces a shadow which is sometimes in the usual location of the 
aortic knob. This results in either a localized rounded shadow or in an increased 
widened area over the entire upper left border of the heart. Detection of this 
enlarged artery by the roentgenologist, especially where there is no accompany- 
ing erosion of the ribs, could lead to a correct diagnosis. There was an enlarged 
left subclavian artery in the roentgen film in nine of our cases. Fig. 6 presents a 


good example of this type. 


Causes of Death.—TVhe common causes of death in coarctation of the aorta 
are rupture of the aorta, bacterial endocarditis or endarteritis, congestive failure, 
and intracranial hemorrhage usually resulting from congenital aneurysm of the 


cerebral vessels. 


Five of our patients have died (Cases 2, 8, 9, 16, and 17). A 20-year-old 
man and a 10-year-old boy died of cerebral hemorrhage, and a 26-year-old man 
probably died of cerebral hemorrhage. A 10-year-old boy died following surgery 
and a 26-year-old man died of cardiac failure. In the four patients on whom 
post-mortem examination was done, all were found to have had either complete 


atresia or high grade coarctation of the aorta. 


Results of Surgery.—By examining the current literature and through personal 
correspondence, | have obtained information on 128 patients who have been 
operated upon for coarctation of the aorta. Of this number, twenty (16 per cent) 
(Table III) died during or soon after operation. Unfortunately, the result was 
not satisfactory in all the surviving patients. In ninety-three individuals it 
was possible to complete an aortic anastomosis. In eighteen the left sub- 
clavian artery was anastomosed to the aorta. This was necessary because an 
end-to-end anastomosis was technically impossible either because the con- 
stricted area in the aorta was too extensive or because the left subclavian artery 
arose too close to the localized area of constriction. In several older patients, 
extensive atherosclerosis made aortic anastomosis impossible. With few excep- 
tions, the results following subclavian-aortic anastomosis have been unsatis- 
factory. Using the subclavian artery apparently does not reduce the load to the 
upper part of the body, nor does it increase the amount of blood to the lower half. 
This procedure does not give favorable results and will undoubtedly be abandoned. 
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Fig. 5.—Patient, age 26, found to have marked coarctation of the aorta with rheumatic aortic 
disease. Marked cardiac enlargement with minimal erosion of the ribs. 


A better selection of patients for operation by the diagnostician will give more 
favorable results. It is hoped that the newer methods" of visualizing the aortic 
arch by direct arterial injection of a radiopaque substance will help in avoiding 
operation on patients in whom the anatomical relationships are such that aortic 
anastomosis is impossible. 


Fig. 6.—Marked enlargement of the left subclavian artery. Aortic arch shown below the 
shadow of the left subclavian artery. 


a 
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Some of the surgical deaths occurred in older patients where the surgeon me 
with extensive atherosclerosis making satisfactory anastomosis very difficult 
and in some instances impossible. Other fatalities resulted from inexperience. 
A much better record can be expected as surgeons gain more experience. 


TABLE III. RESULTS AND TyPE OF OPERATION IN ONE HUNDRED 
TWENTY-EIGHT PATIENTS WiTH COARCTATION OF AORTA 


NUMBER NUMBER AORTIC SUBCLAVIAN 
OF NUMBER OF PER CENT ANASTO- AORTIC 
SURGEONS OPERATED DEATHS DEATHS MOSIS ANASTOMOSIS 
13 128 20 16 93 18 


Four of our patients have been operated upon (Cases 3, 4, 17, and 19). 
They were all under 18 years of age. One died of acute pulmonary edema as he 
was being lifted off the operating table. All four had successful aortic anastomosis 
performed. The result was excellent in the three surviving patients. 


DISCUSSION 


It was hoped that this study might result in the development of a typical 
clinical syndrome which would make the diagnosis of coarctation of the aorta 
much simpler and thereby reduce the percentage of error. Unfortunately, the 
various factors involved do not correlate well. In the typical case with hyper- 
tension, erosion of the ribs, and left ventricular hypertrophy, the diagnosis should 
be readily made. In those cases, especially in the young individual, where one 
or more of these findings are not present, the diagnosis is more difficult and 
will depend on a careful physical examination. Inspection and palpation of the 
back will be rewarded by the finding of enlarged collateral vessels. Auscultation 
of the back in all cardiac patients will prevent overlooking coarctation. Routine 
palpation of the abdominal and femoral pulses, together with systematic blood 
pressure determinations in the arms and legs, particularly in children, will tend 
to avoid error. Particular attention should be given to all patients with hyper- 
tension, aortic regurgitation, patent ductus arteriosus, and spontaneous sub- 
arachnoid hemorrhage. It is among this group that coarctation of the aorta is 
most frequently overlooked. 


No fixed rule for surgical intervention can be offered. In the young patients 
with all the typical findings, surgery is of course indicated. In young individuals 
with definite evidence of high grade coarctation, even though no marked hyper- 
tension or enlargement of the heart is present, surgery should-be seriously con- 
sidered. In individuals beyond the age of 20 years, surgical treatment is much 
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more hazardous and should probably be delayed until surgeons gain more ex- 
perience. Such experience might better be secured by operating successfully 
on more younger patients than by courting disaster in attempting surgery on 
older individuals. With the present successful treatment of coarctation, it is 
most unfortunate when the diagnosis is missed in early childhood. If surgical 
treatment is limited to young individuals, preferably between the ages of 10 
and 20 years, the results will be exceedingly satisfactory and the mortality rate 
should be reduced to the 1 per cent which has been attained in surgery for patent 
ductus arteriosus. 


CONCLUSIONS 


1. The diagnosis of coarctation of the aorta is still frequently missed. 
This is particularly true in young patients who do not reveal an increased blood 
pressure in the upper extremities and do not have erosion of the ribs. 

2. Careful clinical study including inspection and palpation of the back for 
enlarged collateral vessels as well as auscultation over these enlarged vessels 


will prevent errors in diagnosis. 

3. Routine blood pressure determinations in arms and legs as well as 
routine palpation of the femoral pulse will lead to a correct diagnosis. 

4. The clinical findings in twenty-one patients have been described. 

5. An incomplete study of the results of surgery up to the present time has 


been presented. 
6. The results of surgery and the cause of death among our patients have 


been discussed. 
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A CLINICAL STUDY OF SUBACUTE BACTERIAL INFECTION 
CONFINED TO THE RIGHT SIDE OF THE HEART 
OR THE PULMONARY ARTERY 


PauL S. BARKER, M.D. 
ANN ARBOR, MICH. 


UBACUTE bacterial endocarditis involves the left side of the heart in 

nearly all cases. The complete descriptions of the disease by Libman and 
Friedberg,' Blumer,? and Middleton and Burke’ refer chiefly to this common type. 
The vegetations are confined to the right side of the heart in less than 4 per 
cent of the cases.‘ In patent ductus arteriosus complicated by subacute bac- 
terial endarteritis the vegetations are sometimes confined to the ductus, pul- 
monary artery, and pulmonic valves. Although some of the features of the 
right-sided type of the disease have been pointed out, notably by Gordon,* 
Libman and Friedberg,'! Lutembacher,’** and Blumgart,’® it has not been de- 
scribed adequately. The purpose of this paper is to present a review of the 
clinical findings in cases proved by autopsy to have vegetations confined to 
the right side of the heart or the pulmonary artery. 


MATERIAL 


A search of the literature revealed thirty-six cases in which the data were 
sufficiently complete for the purposes of this study. To these are added five 
additional cases observed at the University Hospital, bringing the total to 
forty-one cases. Other cases have been reported in the literature, but are not 
included because the descriptions, particularly from the clinical standpoint, 
are not sufficiently complete. Similarly, the cases of patients with patent 
ductus arteriosus with superimposed subacute bacterial infection who recovered 
following ligation or section of the ductus are not included; although the in- 
fection was presumably limited to the right side in most if not all of them, this 
could not be determined with certainty. Cases of acute bacterial endocarditis 
are not included." Some of the reports deal with particular features of the 
disease and are incomplete in many respects, but in spite of this it is hoped that 
this report will present an adequate clinical description of the right-sided type 
of subacute bacterial endocarditis. 


From the Department of Internal Medicine, University of Michigan Medical School and the 


University Hospital. 
Presented at the Twenty-First Scientific Meeting of the American Heart Association, Chicago. 
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REPORT OF CASES 


CasE 1.—V. S., a 13-year-old white boy, was admitted to the hospital Feb. 6, 1939, and 
died Feb. 12, 1939. At the age of 3 weeks the patient had a severe cough and the parents were 
told that it was caused by heart disease. At 3 months of age he became extremely ill with high 
fever and was kept in the hospital for eight months. At 3 years of age he developed hay fever, 
which was accompanied by cough and which was worse in summer. In January, 1938, he began 
having chills and fever. He was somewhat improved after twelve weeks, but low-grade fever 
persisted. In October, 1938, the chills recurred and the fever became higher. On Jan. 23, 1939, 
he developed swelling of the left eyelids. On Feb. 5, 1939, he developed swelling of the left foot 
and gangrene of the pinnae of the ears and tip of the nose. Numerous small red spots appeared 
in the skin. He had anorexia, nausea, and vomiting. There was no history of rheumatic fever. 

Physical examination revealed a pale, emaciated boy with a temperature of 102° F., pulse 
rate of 132, and respiratory rate of 30. There were small areas of ulceration on the pinnae of the 
ears and tip of the nose. Numerous petechiae were present on the trunk and extremities. The 
heart was moderately enlarged and the rhythm regular. There was a loud systolic murmur over 
the entire precordium and a questionable diastolic murmur in the aortic area. The lungs were 
resonant and there were no rales, but the breath sounds were diminished at the bases. The 
spleen was enlarged and palpable; the liver was not felt. There was no edema. 

Laboratory examinations revealed the following findings: The urine contained a moderate 
amount of albumin and a few red cells, white cells, and casts. The blood revealed a hemoglobin 
of 20 per cent, a red blood cell count of 1,620,000, and a white blood cell count of 7,000, with 
74 per cent polymorphonuclear leucocytes. The blood culture was positive for Streptococcus 
viridans. 

The course was progressively downward in spite of small blood transfusions daily. 

Necropsy showed congenital heart disease with a large defect in the interventricular septum 
and hypertrophy of the right ventricle. There was subacute bacterial endocarditis with vege- 
tations on the tricuspid and pulmonic valves, on the mural endocardium of the right ventricle, 
and on the margin of the septal defect. There were no vegetations in the left side of the heart. 
There were infected pulmonary emboli and pulmonary infarcts, acute pulmonary edema, acute 
purulent bronchitis, acute fibrinopurulent lobular pneumonia, and bronchiectasis. ‘There were 
healed and healing infected infarcts of the spleen, which weighed 400 grams, and recent healing 
and healed embolic glomerutitis. 


Case 2.—W. W., a 25-year-old white man, was admitted to the hospital Nov. 9, 1926, and 
died Dec. 17, 1926. Dyspnea and palpitation occurred upon exertion during childhood and heart 
disease was recognized. Nevertheless, he was accepted for life insurance at the age of 17 years. 
In November, 1925, he developed dyspnea upon exertion and fatigue and began losing weight. 
In February, 1926, he developed increasing dyspnea and palpitation and stopped work. In April, 
1926, he developed cough productive of a little sputum, but no blood. Edema of the ankles 
appeared in May, 1926. There was no known fever and no history of rheumatic fever or venereal 
disease. 

The physical examination revealed a thin, pale, slightly cyanotic young man with clubbing 
of the fingers but no petechiae. The heart was enlarged and the rhythm regular. There was a 
loud, harsh systolic murmur accompanied by a thrill in the second intercostal space to the left 
and right of the sternum and a softer systolic murmur at the apex, but no diastolic murmur. The 
blood pressure was 106/54. The lungs were clear, the spleen was palpable, and there was slight 
edema of the ankles. 

Laboratory examinations revealed a negative Wassermann. The urine showed a trace of 
albumin, moderate numbers of red cells, and a few white cells. The blood revealed a hemoglobin 
of 60 per cent, a red blood cell count of 3,310,000, and a white blood cell count of 16,200, with 
91 per cent polymorphonuclear leucocytes. X-ray films of the chest showed enlargement of 
the heart and densities in the lungs suggesting infarcts or bronchopneumonia. The electrocardio- 
gram showed right axis deviation. Blood cultures were positive for Streptococcus viridans. 
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The course was progressively downward. The temperature fluctuated from 97 to 102° 
Fahrenheit. Rales and bronchovesicular breath sounds appeared over the right lung. No 
petechiae or systemic emboli were recognized. 

Necropsy showed congenital pulmonary stenosis and subacute bacterial endocarditis with 
vegetations on the pulmonic and tricuspid valves. There were vegetations and an early mycotic 
aneurysm in the first part of the pulmonary artery. There were no vegetations or valve lesions 
in the left side of the heart and no abnormal communication. There were multiple large infarcts 
of the lungs and multiple small infarcts of the kidneys. There was hyperplasia of the spleen, which 
weighed 230 grams, but no infarcts. 


Case 3.—N. B., a 48-year-old East Indian man, was admitted to the hospital Jan. 19, 1938, 
and died March 15, 1938. The history revealed that for four months the patient had experienced 
chills, fever, sweats, cough, bloody sputum, pains in the chest and left shoulder, anorexia, and 
loss of fifty pounds in weight. 

Physical examination revealed a pale, emaciated, and dyspneic man with slight cyanosis and 
clubbing of the fingers, but no petechiae. The heart was slightly enlarged, the rhythm was reg- 
ular, and no murmurs were detected. The blood pressure was 85/50. There were a few rales at 
the lung bases. The liver and spleen were not felt. There was no edema. 

Laboratory examinations revealed the following findings: The Kahn reaction of the blood 
was negative. The urine showed a large amount of albumin and a few red cells and white cells. 
The blood revealed a hemoglobin of 55 per cent, a red blood cell count of 2,380,000, and a white 
blood cell count of 16,500, with 81 per cent polymorphonuclear leucocytes. X-ray study of the 
chest showed slight enlargement of the heart, but noabnormality of the lungs. The electrocardio- 
gram showed slight left axis deviation. The total serum proteins were 4.5 per cent, albumin 1.6 
per cent, and globulin 2.9 percent. The blood nonprotein nitrogen was 68.1 mg. per cent. Blood 
cultures were sterile on four occasions. 

The course was progressively downward, apparently without change in physical signs. The 
temperature fluctuated between 94° and 106° Fahrenheit. Sulfanilamide and four blood trans- 
fusions were given. 

Necropsy showed ulcerative and vegetative endocarditis of the pulmonary valve and of the 
walls of the right ventricle and pulmonary artery. The other valves and the left side of the heart 
were not involved and there were no abnormal communications. There was a large infected 
embolus in the left pulmonary artery and infarction of the lower lobe of the left lung. There 
was chronic passive congestion of the spleen. Chronic glomerulonephritis was present. No 
systemic emboli were discovered. 


Case 4.—M. B., a 3-year-old white girl, was admitted to the hospital Oct. 14, 1932, and died 
Nov. 11, 1932. The patient was thought to have congenital heart disease since a cardiac murmur 
had been present since infancy. For four weeks prior to admission the child had a cold, a sore 
throat, chills, fever, cough, and constipation. 

Physical examination showed a well-developed and well-nourished child with pallor but no 
petechiae and no clubbing of the fingers. The heart was enlarged and there was a systolic 
murmur heard over the entire precordium and loudest at the apex. The lungs were clear. The 
liver and spleen were not felt. There was no edema. 

Laboratory examinations revealed a negative Kahn reaction of the blood. The urine showed 
a few white cells but was otherwise negative. Blood studies revealed a hemoglobin of 66 per 
cent, a red blood cell count of 4,480,000, and a white blood cell count of 21,000 with 77 per cent 
polymorphonuclear cells. X-ray study of the chest was negative. Blood cultures were reported 
as follows: October 14, no growth; October 29, slight growth of hemolytic streptococcus; October 
31, no growth; and November 7, Staphylococcus aureus and a nonhemolytic streptococcus. 

The course was progressively downward. The temperature ranged from 101° to 105° Fahren- 
heit. Rales appeared in the lungs and the spleen became enlarged, but no petechiae or systemic 
emboli were seen. 

Necropsy showed subacute bacterial endocarditis with vegetations on the pulmonary valve 
and on the wall of the right ventricle. The other valves and the left ventricle were not involved 
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and there were no abnormal communications. There were infected infarcts and early embolic 
abscesses of the lungs. There was hyperplasia and passive congestion of the spleen. No sys- 
temic embolism was discovered. 


Case 5.—D. C., a 29-year-old white woman, was admitted to the hospital Sept. 15, 1932, 
and died Oct. 2, 1932. For eight weeks prior to admission the patient had chills, fever, pains 
in the joints and muscles, anorexia, nausea, vomiting, cough, weakness, and a loss of eighteen 
pounds in weight. 

Physical examination revealed an obese, pale woman with alopecia, but no petechiae or 
clubbing of the fingers. There was a soft systolic murmur over the entire precordium. No 
other murmur was heard and there was no enlargement of the heart. The blood pressure was 
120/80. The lungs were clear. The liver and spleen were enlarged and palpable. There was 
no edema. 

Laboratory examinations showed that the Kahn reaction of the blood was 4 plus. The 
urine showed a few red cells and white cells but was otherwise negative. Blood studies revealed 
a hemoglobin content of 68 per cent, a red blood cell count of 4,040,000, and a white blood cell 
count of 15,500, with 88 per cent polymorphonuclear leucocytes. X-ray study of the chest showed 
no abnormality of the heart or lungs. Blood cultures were sterile on two occasions. 

The course was progressively downward. The temperature ranged from 97°F. to 105° 
Fahrenheit. 

Necropsy showed subacute bacterial endocarditis of the tricuspid valve. The other valves 
and the left ventricle were not involved and there were no abnormal communications. There 
were passive congestion of the lungs and liver, hyperplasia of the spleen, which weighed 470 grams, 
and chronic glomerulonephritis. There was no evidence of embolism, gonorrhea, or syphilis. 


Of the forty-one cases accepted for this study, nine had patent ductus 
arteriosus, eleven had interventricular septum defect, one had interauricular 
septum defect, fifteen had vegetations limited chiefly to the pulmonic valve 
without abnormal communications, and five had vegetations limited chiefly 
to the tricuspid valve without abnormal communications. The ages of the 
patients ranged from 3 to 58 years, and the average was 20.6 years. There 
were eighteen males and twenty-three females. The important features of these 
cases are presented in the accompanying Tables I-V and are compared or con- 
trasted with the common left-sided type of the disease. 


CLINICAL OBSERVATIONS 


Murmurs were present in thirty-seven of the cases. In four patients no 
murmurs were heard. Two of these had vegetations confined chiefly to the 
pulmonic valve, while in the third they were confined to the tricuspid valve; 
in the remaining patient a pericardial friction rub was present and no murmur 
was identified. Thus, 90 per cent of the patients had cardiac murmurs. In 
seven cases, however, there were systolic murmurs at the apex or base of the 
heart or over the precordium, such as are commonly heard in patients with 
fever and anemia, and were not, therefore, suggestive of a cardiac lesion. In 
the remaining thirty patients, 73 per cent of the entire group, the murmurs 
were harsh or were accompanied by a thrill or were diastolic in time, and were 
thought to indicate a cardiac lesion (Table V). 

Fever was present in forty cases. In the remaining case the report did 
not mention the temperature. 
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In thirty-three of the cases, clinical findings referable to the Jungs were 
mentioned. In twenty-seven of these (82 per cent) the findings were suggestive 
or diagnostic of infarction of the lungs. In thirty-six of the cases the findings 
in the lungs at autopsy are given; thirty of these (83 per cent) showed infarcts 
of the lungs. Mycotic aneurysms of the pulmonary artery were present in 
five of these cases. 

In twenty-one instances reference was made to the clinical occurrence or 
absence of embolism of the systemic circulation; it was suspected clinically in 
only four patients (19 per cent). One of these had swelling of the left foot and 
of the lids of the left eye and gangrene of the pinnae of the ears and tip of the 
nose; these regions were not dissected at autopsy, but infarction of the spleen 
and embolic focal nephritis were found. A second patient had ptosis of the 
eyelid on the left and embolism was suspected, but the only indication of em- 
bolism at autopsy was an old scar in the spleen. A third patient, with enlarge- 
ment and tenderness of the spleen, had sudden, severe pain in the left hypo- 
chondrium; infarction of the spleen was diagnosed clinically and confirmed at 
autopsy. These three patients had interventricular septal defect. The fourth 
patient with patent ductus arteriosus had pain in the left upper quadrant of 
the abdomen, which suggested infarction of the spleen; this was confirmed at 
autopsy. In twenty-eight cases the presence or absence at autopsy of em- 
bolism in the systemic circulation was mentioned. It was present in twelve 
instances (43 per cent), and ten of these patients had septal defect or patent 
ductus arteriosus. 

Blood cultures were reported in twenty-nine instances. They were positive 
in eighteen cases (62 per cent) and sterile in eleven cases (38 per cent). 

Enlargement of the spleen was detected in twenty-one (78 per cent) of the 
twenty-seven cases in which this physical finding was mentioned. In fifteen 
of these no infarction of the spleen was found at autopsy. At autopsy, in- 
farction of the spleen was reported in nine cases; infarction, passive conges- 
tion, and hyperplasia, in one case; congestion and hyperplasia, in two cases; 
hyperplasia, in four cases; and congestion, in seven cases. In eighteen cases 
the appearance of the spleen at autopsy was not adequately described, although 
in a few of these the absence of infarcts was noted. 

The urine was abnormal in twenty-seven cases, not abnormal in four cases, 
and not mentioned in ten cases. Thus, the urine was abnormal in 87 per cent 
of the cases in which it was mentioned. In five patients the urine was normal 
early in the course of the disease but became abnormal later. 

The condition of the kidneys at autopsy was reported in twenty-three in- 
stances. In nine of these (39 per cent) glomerulonephritis was present; in 
three cases (13 per cent) there was embolic focal nephritis, and in a similar 
number infarcts were present; in four cases (17 per cent) there was congestion; 
and in one patient tuberculosis of the kidneys was present. 

Petechiae were present in eleven cases, absent in twelve, and not mentioned 
in eighteen. Thus, petechiae were present in 48 per cent of the cases in which 
this feature was mentioned specifically. Three patients had purpura. Jane- 
way lesions and Osler’s nodes were not described in any of the cases. 
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TABLE V. 
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SuMMARY OF CLINICAL Data IN ForTy-ONE CASES OF SUBACUTE BACTERIAL INFECTION OF THE RIGHT 


SIDE OF THE HEART AND OF THE PULMONARY ARTERY; COMPARISON WITH INVOLVEMENT OF THE 


No. of Cases 


Age, years 
Average 


Sex 
Male 
Female 


Murmurs 
Pathologic murmurs 
No murmur 


Fever 


Lert SIDE OF THE HEART* 


Infarcts, lungs 
Clinical 
Autopsy 


Blood culture 


Spleen 
Clinically enlarged 
Autopsy infarct 
Congestion 
Hyperplasia 


Urine abnormal 


Kidneys, autopsy 
Glomerular nephritis 
Embolic nephritis 
Infarcts 


Petechiae 


Anemia 


Leucocytosis 


Systemic 
Embolism 
Autopsy 


Clubbing 


Duration, months 
Average 


PATENT SEPTUM | PULMONARY 
DUCTUS DEFECT VALVE | 
9 12 6 | 
6 to 33 4 to 29 3 to 58 
17 15 24 
5 7 4 
4 5 11 
9 12 13 
8 ll 11 
0 0 2 
ll 15 
6 9 10 
7 ll 
6 5 6 
2 s 9 
4 5 0 
1 2 7 
1 1 4 
7 8 8 
2 2 3 
2 1 0 
l 1 
2 5 3 
7 Ss 10 
7 5 6 
5 
2 | 4. 
2to12 | 1 to15 
4.4 6.8 6.9 


TRICUSPID 
VALVE 


24 to 46 
32 


TOTAL 
RIGHT-SIDED 
CASES 
41 
3 to 58 
20.6 
18 
23 
37 90% 
30 73% 

4 10% 
40 100% 
27. 827% 
30 83% 
18 62% 
21 78% 
10 

10 

7 
27 87% 
9 

3 

3 

Bi 48% 
28 97% 
20 87% 
12 43% 

1 to1l5 

5.8 


LEFT-SIDED 
CASES 


males 
predominate 


99.2% 


100 % 


57 % 
(systemic) 


78.8% 


57 G 
(clinical) 


46.7% 
2to19 
5.9 


*The percentages given for the right-sided cases represent the percentage of cases in which the 
The figures for the left-sided cases are 


various data are reported. 


aken from several sources, sometimes combined. 


Many of the reports are incomplete. 


| | | | 
| 
—|- 
| 
3 
2 | = 
9 
5 | 
— 
2 59 
| 
| 
1 
£#| 4 61.6% 
2 
0 
0 
36.5% 
| 3 70 % 
—= 
0 | 
et | 1 to6 | 
| | 
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Clubbing of the fingers was noted in eight patients, all of whom had vege- 
tations on the pulmonic valve. Two of these had patent ductus arteriosus 
and one had, in addition, interventricular septal defect. In most of the re- 
maining thirty-three cases clubbing was not mentioned. 

Anemia, as shown by pallor, by a hemoglobin level below 78 per cent, or 
by a red blood cell count below 4,090,000, was present in twenty-eight (97 
per cent) of the twenty-nine cases in which this feature was mentioned. Leuco- 
cytosis, with the total white blood cell count above 10,000, was present in 
twenty (87 per cent) of the twenty-three cases in which the leucocyte count 
was given. 

The blood pressure was recorded in twelve patients. It was not elevated 
in a single instance. 

The estimated duration of the subacute bacterial infection was one to 
fifteen months, with an average of 5.8 months. 


DISCUSSION 


Subactute bacterial infection confined to the right side of the heart is 
mainly a disease of childhood and youth. This may be attributed to the fact 
that it is often a complication of congenital cardiac conditions since twenty- 
five of the cases (61 per cent) had congenital anomalies. Almost two-thirds 
of the patients with patent ductus arteriosus or interventricular septum defect 
were younger than twenty-one years of age. 

The four cardinal diagnostic features of subacute bacterial endocarditis 
which were emphasized by Osler® and reiterated by Blumer? and by Libman 
and Friedberg! were present in these right-sided cases as follows: (1) evidence 
of a valvular lesion or of a congenital abnormality, in 73 per cent; (2) fever, 
in 100 per cent; (3) embolic phenomena, in 82 per cent; and (4) a positive blood 
culture, in 62 per cent. Information is lacking in some of the reports, but the 
data are adequate in a sufficient number of cases to permit the following con- 
clusions: (1) All four of these diagnostic features were present in twelve in- 
stances (39 per cent) and at least one of these features was lacking in nineteen 
instances (61 per cent) of the thirty-one cases with adequate available infor- 
mation for this purpose; and (2) at least three of these four features were present 
in twenty-eight instances (82 per cent) of the thirty-four cases with sufficiently 
complete data for this purpose. These appear to be the most important diag- 
nostic features when the vegetations are confined to the right side as well as 
when the left side is involved. Nevertheless, some of the other features of the 
disease may assume considerable diagnostic importance, especially when not 
all of the cardinal features are present. 

It is important to note that the clinical manifestations of embolism were 
produced chiefly by infarction of the lungs® and that signs of systemic embolism 
were much less common. It is of interest, however, that systemic embolism 
was discovered at autopsy in two patients with vegetations confined to the 
right side of the heart and without any abnormal communication between the 
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right and left sides. In one, the vegetations were confined to the tricuspid 
valve and several well-defined areas of infarction were present in the spleen 
In the other, the vegetations were chiefly on the pulmonic and tricuspid valves 
and there were multiple small infarcts in the kidneys. Both of these patients 
had extensive infarction of the lungs, and the possibility of thrombosis of pul 
monary veins in association with infarction of the lungs is suggested as a source 
of the systemic emboli. 

Blumgart® has pointed out that in cases with the infection limited to the 
right side of the heart, the blood cultures are commonly sterile early in the dis- 
ease, although they may become positive later. Blood cultures were reported 
in twenty-nine of the cases in this series. They were positive in fourteen and 
negative in eleven, while in four they were negative one to three months after 
the estimated onset of the disease and positive later in its course. The fourteen 
initially positive cultures were obtained from ten days to fourteen months after 
the estimated onset of the disease. In the eleven patients who yielded no growth 
the cultures were obtained from one to eight months after the estimated onset 
of the disease. Thus, it appears that not only is there a delay in some cases in 
yielding positive cultures, but many patients have sterile cultures throughout 
the course of the disease. As a result, one of the cardinal diagnostic features of 
the disease is lacking in approximately_one-half,'of those {patients examined 
early in the course of the disease. 

Differential diagnosis may be difficult when the blood cultures are sterile. 
For example, a youth of 21 years had a systolic murmur at the apex of the heart, 
fever, anemia, leucocytosis, and pronounced enlargement of the spleen; he was 
thought at first to have the abdominal type of Hodgkin’s disease, but the sub- 
sequent appearance of petechiae and positive blood cultures led to the diagnosis 
of the splenomegalic form of subacute bacterial endocarditis. In the presence 
of a cardiac murmur, conditions characterized by pulmonary lesions and fever 
may resemble right-sided subacute bacterial endocarditis in many respects, 
especially if the spleen is enlarged and if anemia and leucocytosis are present. 
For example, a 40-year-old woman had repeated infarction of the lungs, per- 
sistent low-grade fever, leucocytosis, and a systolic murmur over the precor- 
dium, and, although repeated blood cultures were sterile, the diagnosis of right- 
sided subacute bacterial endocarditis was entertained. Later, however, the 
presence of phlebothrombosis in the lower extremities became apparent, and 
treatment for this condition was followed by complete recovery. 

The four cardinal diagnostic features, when present, will point most surely 
to the presence of subacute bacterial endocarditis. Nevertheless, some of these 
features may be lacking in cases with right-sided involvement, especially early 
in the course of the infection when the blood cultures are so commonly sterile. 
For this reason, greater diagnostic significance may be attached to the other 
features of the disease, such as enlargement of the spleen, petechiae, anemia, 
leucocytosis, and evidence of renal involvement. 

The presence of vegetations in both the right and left sides of the heart 
is fairly common. This study has revealed no criteria by means of which it 
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can be ascertained clinically that the infection is confined to either the right 
side or the left side, but pulmonary embolism suggests vegetations on the right 
side whether or not the left side is involved. 


SUMMARY 


In less than 4 per cent of patients with subacute bacterial endocarditis, 
the vegetations are confined to the right side of the heart. In patients with 
patent ductus arteriosus with subacute bacterial endarteritis the infection may 
be confined to the ductus and the pulmonary artery. 

A study of thirty-six such cases reported in the literature and five newly 
reported cases forms the basis for a description of the clinical features of sub- 
acute bacterial infection confined to the right side of the heart and the pul- 
monary artery. 

The four cardinal diagnostic features of left-sided subacute bacterial endo- 
carditis are of chief importance in the diagnosis of the right-sided type as well, 
but because the blood cultures are often sterile and embolism is sometimes 
absent or obscure, greater diagnostic significance may be attached to the other 
features of the disease. 
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THE EFFECT OF SYMPATHETIC STIMULATION ON 
AURICULAR FLUTTER 


Davip Scuerr, M.D. 
New York, N. Y. 


EW studies dealing with the effect of sympathetic stimulation on auricular 

flutter are available. This fact contrasts sharply with the numerous careful 
investigations concerning the action of stimulation of the vagus nerves, which 
leads to the well-known paradoxic increase of rate. 


The duration of postfaradic fibrillation in dogs was found to be shortened 
by sympathetic stimulation.’ The problem was again studied on the dog after 
the administration of physostigmine or muscarine.'!! Naturally, the results 
were modified by the fact that these substances have some direct action on the 
heart muscle. In these experiments, auricular flutter and auricular fibrillation 
caused by faradization disappeared faster during sympathetic stimulation. 
The rate of auricular flutter was increased ‘‘within narrow limits’’ when one of 
the sympathetic nerves was stimulated with a faradic current. Thus, it rose 
in One experiment from 556 to 569, and in another from 443 to 450; the greatest 
change was found in a third experiment, where it rose from 460 to 522 during 
stimulation with a strong faradic current. The stimulation of the left acceler- 
ator nerves produced a greater effect than that of the right ones. Postfaradic 
auricular flutter and fibrillation, however, are not stationary phenomena, for 
there is from the beginning a tendency toward slowing of the rate and reap- 
pearance of sinus rhythm. Occasionally the flutter ended just as these authors" 
began stimulation of the sympathetic nerves. 


In previous publications it has been shown" that the injection of 0.05 c.c. of a 
0.05 per cent solution of aconitine leads to auricular flutter or fibrillation. These 
arrhythmias persist for more than sixty minutes. An added advantage of this 
method is the focal action of aconitine; only the area of the heart into which 
the injection is made is affected, the rest of the muscle remaining practically 
uninfluenced. The present communication deals with a study of the effect of 
faradic stimulation of the sympathetic nerves during auricular flutter caused 
by the topical application of aconitine. 


From the Department of Medicine, New York Medical College. 
This study was supported by a grant from Bernhard Altmann. 
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METHOD 


The hearts of dogs weighing between 5.0 and 12 kilograms were exposed, 
during Nembutal anesthesia and artificial respiration, by resection of the ster- 
num and parts of the adjacent ribs. In the majority of the experiments the 
right vagus nerve was divided in the neck. The sympathetic chain was severed 
at the level of the pulmonary hilus and the cardiac branches of the sympathetic 
nerves were cautiously dissected. These nerves were placed on a shielded elec- 
trode and stimulated for ten to fifteen seconds with a strong faradic current 
from a Cambridge inductorium. The pericardium was opened and 0.05 c.c. of 
the 0.05 per cent aconitine solution was injected into the area of the sinus node, 
subepicardially, or into the wall of the right or left auricular appendix. In 
other experiments the surface of the right or left auricular appendix was 
abraded with the point of a needle over an area about 2.0 mm. in diameter, 
and a minute quantity of the aconitine solution was applied at this point. 
Within one minute auricular flutter appeared. The different modes of appli- 
cation had no discernible influence on the results. In all experiments, as soon 
as the tachycardia appeared, the diagnosis of auricular flutter was established 
by faradic stimulation of the right vagus nerve in the neck, which led immedi- 
ately to the paradoxic increase of auricular rate. All electrocardiograms were 
taken on Lead II. 


RESULTS 


Sympathetic Stimulation Without Atropinization.—In all experiments the 
flutter rate increased during and shortly after the stimulation of the right as 
well as of the left sympathetic cardiac nerves. Often the increase was spec- 
tacular. Repeatedly, auricular fibrillation appeared upon sympathetic stimu- 
lation; this changed again into flutter either spontaneously or after cooling of 
the area to which aconitine had been applied. In most experiments the pro- 
cedure was repeated, with the same results. 


Fig. 1 was obtained in the experiment of May 6, 1947. Following the ap- 
plication of aconitine, auricular flutter appeared, with a rate of 214 (Fig. 1,A). 
Faradic stimulation of the right sympathetic cardiac nerves increased the auricu- 
lar rate to 500 (Fiz. 1,4). Fifteen minutes later the auricular rate had returned 
to 214 (Fig. 1,B). Stimulation of the left sympathetic cardiac nerves increased 
the auricular rate to 428; the ventricular rate was 214, as the result of a 2:1 A-V 
block. Eight minutes later the auricular rate was 285 (Fig. 1,C). The left sym- 
pathetic nerves were again stimulated, and auricular fibrillation appeared for 
two minutes and thirty seconds. 


In the experiment of April 8, 1947, auricular flutter existed with an au- 
ricular rate of 375 and a 2:1 A-V block. Stimulation of the right vagus nerve 
in the neck caused an increased A-V block, and the auricular rate rose to 428 
(Fig. 2,4). Stimulation of the right sympathetic cardiac nerves caused auric- 
ular fibrillation (Fig. 2,B). Cooling of the area on which the aconitine had 
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Fig. 1.—A shows the electrocardiogram before and after stimulation of the right sympathetic 
eardiac nerves; B and C, before and after the stimulation of the left sympathetic cardiac nerves. 


been injected stopped the fibrillation immediately (Fig. 2,C) and sinus rhythm 
reappeared. Interruption of the cooling led to the immediate appearance of 
auricular flutter with a rate of 336 (Fig. 2,C). Short faradic stimulation of the 
right vagus nerve converted the flutter into fibrillation without any latent period 


(Fig. 2,D). 


In the experiment of April 29, 1947, regular auricular flutter with a rate of 
300 and a 2:1 A-V block existed (Fig. 3,4). Faradic stimulation of the left 
sympathetic cardiac branches increased the flutter rate to 330, and suddenly 
auricular fibrillation appeared (Fig. 3,4). Approximately two minutes later 
the fibrillation changed spontaneously into auricular flutter (Fig. 3,B). The 
right cardiac sympathetic nerves were stimulated about seven minutes later, 
when flutter still prevailed, with a rate of 333. Again transitory auricular 
fibrillation appeared (Fig. 3,C). 


Table I shows the result of the stimulation of the right or left sympathetic 
nerves in thirteen dogs during auricular flutter. In a few experiments the in- 
crease of rate was slight. In others it amounted to more than 100 beats per 
minute, and in eleven experiments auricular fibrillation appeared upon sympa- 
thetic stimulation. Usually this was a temporary phenomenon, but renewal 
of the sympathetic stimulation again caused fibrillation. There was no evi- 
dence that the duration of flutter was shortened by faradic sympathetic stimu- 
lation. All the changes just mentioned appeared with the usual latency after 
the beginning of the stimulation, namely, after about six to ten seconds, and the 
increase of the flutter rate lasted for about one-half minute after the end of the 
stimulation. <A difference in the effectiveness of the stimulation of the right 
sympathetic cardiac nerves as compared with the left was not evident. 
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SCHERF: EFFECT OF SYMPATHETIC STIMULATION ON AURICULAR FLUTTER 
TABLE I. THE EFFECTS OF STIMULATION OF THE RIGHT OR LEFT SYMPATHETIC 
NERVES IN THIRTEEN DoGs DURING AURICULAR FLUTTER 
SIDE RATE IMME- | RATE 2 
DATE STIMU- RATE DIATELY MINUTES REMARKS 
LATED BEFORE AFTER AFTER 
4/ 1/47 Right 420 | 480 420 | Stimulation of right twice 
caused fibrillation; stimu- 
| lation of left caused fibril- 
lation three times 
4/ 8/47 Right 375 428 Fibrillation 
Right 352 374 352 
4/22/47| Right 316 Fibrillation 
4/29/47 Right 352 428 250 
Left 272 | Fibrillation 
Right 333 Fibrillation 
Left 333 Fibrillation 
Left 333 | Fibrillation 
Left 300 | Fibrillation 
5/ 6/47 Right 214 500 | 214 
Left 214 428 214 
Left 285 | Fibrillation 
5/13/47 Right 300 | Fibrillation 
5/20/47 Left 214 | Fibrillation 
Left 374 | Fibrillation 
5/27/47 Left 300 | | Fibrillation 
6/ 3/47| — Right 428 | Fibrillation 
9/16/47 Right | 214 | 250 250 
Right 214 214 
Right 214 250 214 
9/23/47 Right 300 374 300 
Right 333 428 333 
Right 300 | 374 | 300 | 
Right 300 Fibrillation 
Right 300 Fibrillation 
10/ 7/47 Right 214 250 214 
Right 286 Fibrillation 
Right 222 
10/14/47 Right | 230 | 300 | 230 


Sympathetic Stimulation After Atropinization.—The latent 


period after 


sympathetic stimulation which has been referred to demonstrates that simul- 
taneous stimulation of vagus fibers is not responsible for the changes just de- 


scribed. 


The effect of the stimulation of the vagus nerve was always recorded 


immediately; the increase of rate disappeared with the end of the stimulation. 


In order to eliminate any possibility of simultaneous stimulation of vagus 
fibers on faradization of the sympathetic nerves, the experiments were repeated 
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after the intravenous injection of 1.5 to 2.0 c.c. of atropine sulfate in a 1:1,000 
solution. This injection invariably caused a change in the existing rate or 
rhythm. In eight experiments in which auricular fibrillation existed at the time 
of the injection, in every instance it was replaced by auricular flutter within a 
few seconds after the injection. 

Fig. 4 was obtained in the experiment of Jan. 27, 1948. Auricular fibrilla- 
tion was present (beginning of tracing), and the transition into auricular flutter 
with a rate of 285, nine seconds after the end of the injection, is clearly visible. 
If auricular flutter prevailed at the time the atropine was administered, the 
rate fell slightly but no other changes were observed. In order to rule out the 
presence of a sinus tachycardia after atropinization, the application of aconitine 
was always repeated. 

Table II shows that after atropinization, faradization of the sympathetic 
nerves still causes an acceleration of the auricular rate, but not so regularly, 
and usually the acceleration is of a much lesser degree than before atropine ad- 
ministration. Auricular fibrillation was never observed after atropinization, 
and in four experiments the rate was not influenced at all despite the use of 
strong faradic currents. : 

In one experiment only was a pronounced acceleration of rate observed. 
On this occasion (Dec. 9, 1947), the auricular flutter rate after atropine was 
240 (Fig. 5). After stimulation of the right sympathetic cardiac nerves the 
auricular rate increased to 420 beats per minute and then fell again to 240 (Fig. 
5, third strip). 

The usual result after atropinization was like that shown in Fig. 6, which 
was obtained in the experiment of Nov. 25, 1947. The auricular rate was 250 
(first part of Fig. 6). The stimulation of the right sympathetic nerves for ten 
seconds led to no increase of rate (second part of Fig. 6), but marked and typical 
changes of the RS-T segment and the T waves show that the sympathetic stimu- 
lation had a pronounced effect on the myocardium. 


Fig. 6.—After atropinization stimulation of the right sympathetic cardiac nerves causes marked changes 
of the RS-T segments without a change of rate. 


Fig. 7 shows strips from tracings obtained on Jan. 27, 1948. In this ex- 
periment the P waves were unusually high. The auricular rate after the appli- 
cation of aconitine and administration of atropine was 260 (Fig. 7,4). Stimu- 
lation of the right cardiac sympathetic nerves caused a change of the form of 
the T waves (Fig. 7,B), but the cardiac rate was only 272. Three minutes later 
the electrocardiogram (Fig. 7,C) was again like that shown in Fig. 7,A. The 
intravenous injection of epinephrine, 1.5 c.c. of a 1:100,000 solution, caused 
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TABLE II. THe Errects or STIMULATION OF SYMPATHETIC NERVES AND OF EPINEPHRINE Upon 


THE AURICULAR RATE, BEFORE AND AFTER ADMINISTRATION OF ATROPINE 
BEFORE ATROPINE AFTER ATROPINE 
| SIDE BEFORE AFTER 
DATE | STIMU- BEFORE AFTER | BEFORE | AFTER EPIN- EPIN- 
| LATED | STIMU- STIMU- STIMU- STIMU- | EPHRINE | EPHRINE 
| LATION LATION | LATION | LATION 
11/11 | Right 330 428 | | 
Right 250 250 | 
| Right 250 250 
| Right | 250 | 250 | 
11/25 | Right 352 Fibrillation * 
Right 250 250 | 
Lett 272 300 
12/ 2| Right 250 300 | 
Right 250 270 
Right 270 270 
12/9] Right 250 330 
Right 240 420 250 300 
12 16 | Right 230 250 
12/2 | Right 250 300 230 270 
| Right 270 300 | 
1/ 6 | Right 230 230 214 250 
1/13 “Right | 230 300 | 
Right 300 300 
1 20 | ‘Right 270 250 
Right 270 250 | 
1/27 Right Fibrillation* 250 | 
| Right Fibrillation* 250 
Right 260 272 260 260 
Right 270 285 
Left 270 270 
| Left 250 250 
| Right 250 250 
| Left 250 250 | 
2/ 3| Right 300 352 230 250 
| Right 285 330 
| Left 280 330 j 
2/10 | Right 230 252 | 
| Right 230 252 250 250 
| Right 252 252 | 
| Right 214 252 
2/24! Right | 250 300 250 300 
Right | 272 300 i 
Right 250 272 
4/ 6| Right 240 
| Right 240 240 
| Right | 240 240 
| Right | 250 250 
Right | 250 250 
Right 250 250 
*Sy mpathetic ctimulation was never rved to fibrillation after atropinization 
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changes of the T waves similar to those occurring after sympathetic stimula- 
tion but no increase of the rate, which remained at 260 (Fig. 7, D). 

The injection of 1.5 to 2.0 c.c. of the epinephrine solution was repeated in 
six experiments, always after atropinization, and elicited the same responses 
with regard to the auricular rate as the stimulation of the sympathetic nerves. 

The appearance of the pronounced changes of the RS-T segments and T 
waves, as well as the clearly visible augmentation of auricular and ventricular 
contractility following sympathetic stimulation or an injection of epinephrine, 
testifies that the cardiac sympathetic nervous system remained active and re- 
sponded in the usual way throughout the experiments. Therefore the frequent 
absence of an increase in rate is significant. 


B. 


Fig. 7.—A was taken before, and B, immediately after stimulation of the right sympathetic nerves 
(after atropinization). C was obtained three minutes later. D was taken after the injection of adre- 
nalin. 


DISCUSSION 
Against the classification of the auricular tachycardias in these experiments 
as auricular flutter, two arguments may be brought forward. First, the auric- 
ular rate in some experiments was as low as 214. There is no doubt, however, 
that such flutter rates do occur in the dog, and some of the classic experiments 
of Lewis were performed during auricular flutter with equally low rates. Sec- 
ond, a characteristic of auricular flutter, absent in these tracings, is the con- 
tinuity of the flutter waves. It must be recognized, however, that in the ex- 
perimental animal as well as in man a definite zero line often occurs between 
the individual auricular deflections. The response of these tachycardias to 
vagus stimulation with an increase of rate speaks, according to our present 
knowledge, for the presence of flutter. This diagnosis is also suggested by the 
frequent change of this tachycardia into auricular fibrillation by various meas- 
ures (Figs. 1, 2, and 3). 
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The experiments show clearly an acceleration of auricular rate during and 
immediately after faradic stimulation of the sympathetic nerves leading to th 
heart. This acceleration was sometimes pronounced, causing the appearance 
of transitory auricular fibrillation. 

In each of eight experiments an intravenous injection of atropine during 
auricular fibrillation induced the emergence of auricular flutter. 

Faradic stimulation of the right or left sympathetic cardiac nerves after 
atropinization did not cause a marked acceleration of rate except on a few oc- 
casions. Usually the rate was but slightly increased, or unchanged, although 
the typical alterations of the RS-T segment and of the T waves appeared. 
Auricular fibrillation was not observed when the sympathetic nerves were 
stimulated after atropinization. 

Injections of epinephrine evoked the same general effects as sympathetic 
stimulation. Moderate acceleration, often interrupted by bouts of paroxysmal 
ventricular tachycardia, was seen after atropinization, but occasionally the 
rate remained unchanged despite marked changes of the T waves. 

The transfor mation of auricular fibrillation into flutter by atropine could be 
attributed to the effect of the latter on the refractory phase. Atropine prevents 
the postfaradization fibrillation" and terminates this type of fibrillation, if 
present.*® It has been claimed that atropine does not inhibit auricular fibril- 
lation caused by chemical substances."© Following the administration of 2.0 
mg. of atropine subcutaneously a slight fall of auricular rate has been registered 
in some but not in all patients with auricular flutter.“ 

The prolongation of the refractory phase after atropinization is the most 
probable cause for the effect of atropine on auricular fibrillation. It is possible 
that the normal tonus of the cholinergic nerves helps in maintaining auricular 
fibrillation following application of aconitine. The diminished effect of sympa- 
thetic stimulation after atropinization is certainly not due to the absence of 
sympathetic effects on the heart. It is possible, however, that in auricular 
flutter the direct action of sympathetic stimulation on the auricular rate is 
actually always a minor one and that the more pronounced results seen before 
atropinization are due to indirect vagal effects. Thus, the increase of blood 
pressure may lead to a reflex increase of the tonus of the vag.s nerves and so 
induce acceleration of the flutter. These reactions would be abolished by the 
administration of atropine. 

It seems established that the chief physiologic effect of sympathetic stimu- 
lation on the heart consists in a shortening of systole and of the refractory period. 
This was found in dogs both during sympathetic stimulation” and by injection 
of epinephrine.'"":™ In three out of four experiments the refractory phase of 
the specific tissue from the dog’s ventricle was shortened during the action of 
epinephrine.2. The duration of the systole as measured in the electrocardiogram 
was shortened in man after exercise and after epinephrine.‘** In one case of 
auricular flutter in man the flutter rate increased on exertion.’ The shortening 
of systole following sympathetic stimulation or epinephrine seems to be inde- 
pendent of mechanical efficiency and cardiac rate. A proiongation of the re- 
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fractory phase upon sympathetic stimulation has been reported only in the 
froz 

Those who accept the circus movement theory for the explanation of 
auricular flutter can explain the increase of the flutter rate during sympathetic 
stimulation by the shortening of the refractory phase. This, like the stimula- 
tion of vagus nerves, causes the disappearance of barriers, in the form of is- 
lands of refractory tissue, to the central wave, and thus leads to its faster cir- 
culation. It has been shown, however, that the flutter and the fibrillation in 
our experiments could readily be stopped by cooling the area on which the 
aconitine was applied (Fig. 2). Removal of the cooling thermode made the au- 
ricular fibrillation or flutter reappear immediately.’ This result cannot be ex- 
plained if one assumes the presence of a circus movement. Therefore, an in- 
crease of rate of the stimulus formation in a single center, as a result of the 
shortening of the refractory phase during sympathetic stimulation, must be 


considered. 


SUMMARY 


Faradic stimulation of the right or left sympathetic nerves of the heart of 
the dog in situ leads to a distinct and often marked acceleration of auricular 
flutter caused by topical application of aconitine. Flutter is often transformed 
into fibrillation by this measure. 

Administration of atropine regularly changes auricular fibrillation into 
flutter or slows the rate of auricular flutter. 

Faradic stimulation of the sympathetic nerves or the injection of epine- 
phrine, after atropinization, causes only a slight acceleration of the existing 
flutter rate; occasionally these measures remain without effect on the auricular 
rate despite the appearance of marked and typical changes of the RS-T segments. 

It is concluded that the more marked effect of sympathetic stimulation 
before atropinization is due to reflex increase in vagus tonus. 
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ATRIAL FIBRILLATION INDUCED BY EPINEPHRINE 
IN HYPOTHERMIC DOGS 


RONALD GRANT, Ph.D., STANFORD, CALIF., MENARD M. GERTLER, M.D., 
Boston, MAss., AND K. Gopwin TERROUX, Ph.D., MONTREAL, CANADA 


TRIAL fibrillation occurs in association with a wide variety of clinical 

conditions and frequently without other evidence of cardiac disturbance.!~ 
It is well known that the vagus nerves can influence the character and duration 
of atrial fibrillation and that concurrent vagus stimulation facilitates induction 
of fibrillation, as, for example, in direct electrical stimulation of the auricles.’ 
Vagomimetic and vagus-potentiating drugs such as pilocarpine and physostig- 
mine act similarly.* Supposedly, vagus stimulation facilitates fibrillation by 
shortening the refractory period of atrial muscle, thus permitting re-entrant 
excitation.® 

Several writers have reported atrial fibrillation following vagal stimulation 
alone in hearts under various abnormal conditions.!°"' No drugs injected 
intravenously produce atrial fibrillation consistently, but the most effective are 
the vagomimetic and vagus-potentiating drugs, acetylcholine,'*" Mecholyl,"” 
and physostigmine." Direct application of Mecholyl to the atrium, together 
with mechanical stimulation, is a reliable means of initiating fibrillation.'’ 
Further, the drugs most effective in preventing atrial fibrillation, in slowing fibril- 
lation, or in restoring normal rhythm are vagolytic agents, such as atropine,* 
quinidine,'"8 and atabrine.’’ It is probable that vagus activity is involved in 
inciting the atrial fibrillation which has long been recognized as a common 
complication of thyrotoxicosis*? and rheumatic fever.*!_ Moreover, vagus ac- 
tivity may obviously be suspected in many other states commonly leading to 
fibrillation, such as vomiting, gastrointestinal disturbances, hypertension, 
and exertion,’ and in fibrillation associated with myocardial infarction.” In no 
such conditions can vagal activity be ruled out definitely as a contributing cause, 
and in many the occurrence of fibrillation is associated with a prolonged P-R 
interval.22. Nevertheless, it seems clear that in most cases increased vagal ac- 
tivity is not the only factor involved since even strong stimulation of the vagi 
in experimental animals rarely causes fibrillation, and may even stop established 

Demonstration that atrial fibrillation could be started readily by intra- 
venous administration of Mecholyl in thyrotoxic patients led Nahum and Hoff?° 
to postulate that fibrillation results from simultaneous action of vagus inhibition 
and an excitatory ‘‘E” factor (in this case, thyroid hormone) on the heart. 


From the Department of Physiology, McGill University, Montreal. 
Aided by a grant from the Cooper Fund of the Faculty of Medicine, McGill University. 
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The cardiac sympathetic nerves and epinephrine clearly constitute possible 
“E” factors, but previous studies have suggested that the cardiac sympathetic 
nerves and sympathomimetic drugs are of minor importance in atrial fibrillation. 
Winterberg® reported that sympathetic stimulation tended to decrease the dura- 
tion of fibrillation induced by direct faradization of the atria, possibly by coun- 
teracting vagus tone, but he later noted** that combined stimulation of the 
cardiac accelerator and vagus nerves in curarized dogs sometimes caused atrial 
fibrillation which was soon followed by ventricular fibrillation. There are a few 
reports of atrial fibrillation started by epinephrine injections, but in most of 
these it is not possible to determine what accessory factors may have been 
involved. Smith and Moody** reported epinephrine-incited fibrillation in two 
patients who had exhibited either atrial fibrillation or frequent extrasystoles 
on forced breathing. Otto®’ stated that intravenous injection of very small 
doses of epinephrine ‘‘frequently”’ starts fibrillation in elderly normal persons. 
Atropine prevents this response, so that vagus involvement is indicated. Cowan 
and Ritchie** listed epinephrine as one of many agents which may induce atrial 
fibrillation in intact animals and in perfused hearts. Hume? cited a single doubt- 
ful case of fibrillation started by epinephrine. Rosenblum, Hahn, and Levine*’ 
found that thyroxine treatment greatly sensitized the hearts of rabbits and dogs 
to epinephrine and they obtained atrial fibrillation with epinephrine in five of 
twenty rabbits that had been treated with thyroid, with doses which did not 
disturb the cardiac rhythm in normal animals. Petzetakis*' produced atrial 
fibrillation in rabbits with lethal doses of epinephrine. 

In none of these cases was the mechanism of action of the drug studied, 
and reflex vagus activation obviously might have been involved in many of them. 

A possible exception to the rule of vagus involvement in inciting atrial 
fibrillation is the fibrillation that occurs in hypothermia in man. All observers 
agree that atrial fibrillation is commonly seen in severe hypothermia in man,**-* 
but such experimental studies as have been made* indicate that the bradycardia, 
delayed conduction, and other cardiac changes found in hypothermia in animals 
are due to the direct action of cold on the heart and that there is no vagal over- 
activity. 

This study was begun in an attempt to determine the causes of atrial fibrilla- 
tion in hypothermia. In this we have failed since it proved impossible to cause 
spontaneous atrial fibrillation in dogs by cooling. Twenty-eight dogs and four 
cats were cooled to body temperatures as low as 13°C. in some cases, but in none 
did atrial fibrillation occur as a result of hypothermia alone. This experience 
agrees with that of others.**? Although changes in the electrocardiogram 
indicative of profound disturbances in atrial conduction and excitation were 
found, these changes did not lead to fibrillation or flutter. At present it appears 
that atrial fibrillation in hypothermia is a human idiosyncrasy. 

Since hypothermia alone did not cause fibrillation, we attempted to produce 
it by accentuation of some possible predisposing conditions. Three procedures 
were used: (a) vagus nerve stimulation; (b) intravenous injection of epinephrine; 
and (c) epinephrine injections followed by vagal stimulation. These procedures 
were applied to anesthetized animals at normal body temperatures and to animals 
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subjected to various degrees of cooling. In dogs, atrial fibrillation was produced 
by all three procedures, but with none was the phenomenon regularly repeatable 
even in successive trials on the same animal, and there appeared to be no con- 
sistent relation between the degree of hypothermia and the ease with which 
fibrillation could be induced. Attempts to initiate fibrillation in the cats, either 
by vagus stimulation or by epinephrine injection, were unsuccessful. The results 
demonstrate clearly the synergic effects of vagus overactivity and excitant factors 
in the production of atrial fibrillation, and are presented in that context. 


METHODS 


Twelve of the twenty-eight dogs used in the experiments were anesthetized 
with sodium pentobarbital (Nembutal) and one dog was decerebrated under 
ether. The remaining dogs were anesthetized with sodium ethyl (1-methyl- 
butyl) thiobarbiturate (Pentothal), which was discontinued at the onset of cold 
narcosis. Usually no further anesthetic was needed after the rectal temperature 
reached 33° centigrade. No differences attributable to anesthesia were noted 
with respect to atrial fibrillation, but ventricular fibrillation occurred more com- 
monly in cooled animals anesthetized with sodium pentobarbital. Thiobar- 
biturate caused frequent ventricular extrasystoles in some animals with high 
arterial pressures** at near-normal rectal temperatures. Since progressive respira- 
tory failure began when rectal temperatures reached about 23°C., and since anoxia 
is known to predispose to fibrillation,*® artificial respiration was given either from 
the start or before anoxic symptoms appeared. Arterial pressure was recorded 
continuously by femoral cannulation. Electrocardiograms were taken usually 
with Lead II and the electrical behavior of the heart was followed continuously 
by means of a cardioscope. The vagus nerves were exposed for cooling or stimu- 
lation in many of the experiments, but were usually left intact. Stimulation was 
induced by induction coil currents. Before cooling was begun, the stimulus 
strengths needed to cause slight slowing and complete sinus arrest were determined 
for each vagus nerve and these strengths used as standards throughout the ex- 
periment. When the left vagus nerve failed to cause arrest, the strength needed 
to cause arrest with the right was used for the left also. In cats arrest was 
rarely possible with stimulation of either vagus nerve, and so an arbitrary strong 
stimulus was used. 


For reversible block of the vagi by cooling, metal clips about 1.0 cm. long 
were placed around the intact nerves at the start of the experiment. Water 
or brine at the desired temperature was circulated through copper pipes soldered 
to the clips. 


Epinephrine was given intravenously, either by injection in 1:1,000 or 
greater dilution, or by slow intravenous drip of dilute solution (see Results). 
Cooling of the animal was effected by packing the animal in ice, the chest being 
left free from ice to avoid direct cooling of the heart. The chest was opened 
late in some experiments for direct observation of the heart and for the appli- 
cation of epinephrine directly to the auricles. 
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RESULTS 


Effect of Vagus Stimulation.—Frequent attempts were made to start atrial 
fibrillation by strong stimulation of the intact vagi in fifteen dogs and two cats. 
In six of the dogs fibrillation occurred at least once and outlasted the period of 
stimulation. In one dog three out of ten stimulations of the right vagus and two 
out of ten stimulations of the left vagus were effective. Stimulation of the left 
vagus produced fibrillation only in this one dog after marked sinus slowing. 
In one dog with the vagi sectioned, stimulation of the peripheral right vagus induced 
fibrillation. The data are inadequate for statistical evaluation. Although 
atrial fibrillation resulted from twelve out of ninety-one right vagus and two 
out of eighty-six left vagus nerve stimulations, there was no clear relation between 
body temperature and this effect of vagus stimulation since fibrillation was pro- 
duced at rectal temperatures varying from 37.6° to 27.6° centigrade. One animal 
fibrillated at 37.6° and 28.3°C. but not at intermediate or lower temperatures. 
The relative effectiveness of the two vagi is in agreement with the results of 
Jourdan and Froment,” who obtained atrial fibrillation in six out of twenty-one 
chloralosed dogs (presumably kept at normal body temperature) by prolonged 
right vagus stimulation and in one of twenty by left vagus stimulation. Grosse- 
Brockhoff and Schoedel*® suggested that the heart is more sensitive to vagal 
action during hypothermia although there is no accentuation of vagus activity. 
We have found no evidence of increased sensitivity but rather of decreased sensi- 
tivity to direct electrical stimulation of the vagi; the stimulus strengths needed 
to cause sinus bradycardia and arrest remained unchanged by cooling or became 
substantially increased. 

Fibrillation never began at the start of the stimulation period, and usually 
only after several ‘‘escape’’ beats had occurred. In many cases fibrillation began 
immediately following a ventricular beat, suggesting an A-V nodal origin, but 
one electrocardiogram was obtained (Fig. 1,C) which showed fibrillation begin- 
ning 1.6 seconds after the preceding beat and 0.3 second before the succeeding 
ventricular beat. This finding indicated an ectopic auricular origin. The 
relative ineffectiveness of the left vagus in inducing fibrillation is presumably 
due to the usual paucity of sinus node and atrial innervation by this nerve in 
the dog. 

Effects of Epinephrine.—Epinephrine was administered intravenously during 
progressive hypothermia to fifteen dogs and one cat. Three of the dogs died 
in ventricular fibrillation following the first or second injection. Two dogs 
given epinephrine by slow intravenous drip at a rate of 1.0 to 4.0 micrograms 
per kilogram per minute for periods up to forty minutes did not fibrillate although 
arterial pressure was much increased. The failure to produce fibrillation with 
this method may be due to the low concentrations of adrenaline, but two other 
dogs each received two large injections of 0.05 to 0.1 mg. without showing fibrilla- 
tion. The remaining eight were given repeated injections of 0.01 to 0.05 mg. 
per kilogram with ratios of ‘‘successes’’ to number of injections of 6:7, 4:7, 
4:6, 1:7, 0:1, 0:3, 0:3, and 0:5 (Fig. 1,4 and B). 
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The high incidence of fibrillation compared with that reported in previous 
studies suggests that hypothermia was a contributing cause, but no clear relation 
to rectal temperature is evident in the data. Fibrillation was induced by epine- 
phrine at rectal temperatures from 37° to 25.0° centigrade. The lack of previous 
reports may be due in part to the diff.culty involved in detecting transient atriai 
fibrillation by indirect means in the presence of ventricular tachycardia and 
extrasystoles induced by large deses of epinephrine. Cold reduces this difficulty 


considerably. 


B 


C 


Fig. 1.—A and B, Continuous record. Development of atrial fibrillation after intravenous in- 
jection of epinephrine. C, Development of atrial fibrillation after right vagus stimulation. The square 
white signal marks the cessation of stimulation. 


Integrity of the vagus nerves is probably necessary for atrial fibrillation 
following epinephrine. In two animals which had each fibrillated twice in suc- 
cession following epinephrine, both vagi were blocked by cold. Repetition of the 
epinephrine injections then failed to cause fibrillation (two injections in each 
animal). After allowing the vagi to rewarm to body temperature (33° and 27°C.) 
epinephrine again incited fibrillation. Two animals with the vagi cut in the 
neck failed to fibrillate in four trials with epinephrine. 

Effects of Vagus Stimulation Following Epinephrine Injection.—This com- 
bined procedure proved more effective in producing fibrillation than did either 
vagus stimulation or epinephrine injection alone. In the seven dogs of this series, 
only two hearts failed to fibrillate. These two received epinephrine by slow 


| 
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intravenous drip at a rate of 1.0 to 4.0 micrograms per kilogram per minute 
over a period of two hours, during which time the vagi were stimulated at in- 
tervals. 

In none of the seven dogs did epinephrine alone induce fibrillation. In one, 
fibrillation was induced without epinephrine only on the first of sixteen periods 
of stimulation of the right vagus. In the fifteen minutes following injection of 
epinephrine, 0.07 mg. per kilogram, stimulation of the right vagus resulted in 
fibrillation in four successive trials. The following three periods of stimulation 
were ineffective; then fibrillation was again produced by vagus stimulation after 
repetition of the epinephrine injection. In the same dog, application of 1:1,000 
epinephrine to the outside of the auricle before or during right vagal stimulation 
did not cause fibrillation. 

Right vagus stimulation following epinephrine injection was _ successful 
in three other dogs, the ratios of successes to trials in these dogs being 4:13, 
3:5,and 2:8. Innone of these dogs was stimulation of the left vagus effective. 

In the fifth success of this series, right vagus stimulation was ineffective, 
but following epinephrine left vagus stimulation produced fibrillation once in 


seven trials. 


DISCUSSION 


The results show that epinephrine and the vagus nerves can act synergically 
to incite atrial fibrillation. It has been shown that vagomimetic drugs may 
incite fibrillation in the absence of other obvious contributory causes.” Our 
results suggest that the same may be true of vagus nerve stimulation. However, 
both these results may be complicated by simultaneous release of epinephrine- 
like substances in the heart*'” and also by anoxia resulting from prolonged ven- 
tricular arrest.*® Epinephrine injections alone are also adequate to produce 
atrial fibrillation but seemingly only when the vagi are intact. It is possible 
that this response is due entirely to reflex vagus activation by the greatly in- 
creased arterial pressure and that the greater effectiveness of combined vagus 
stimulation and epinephrine injections is due to mutual reinforcement of vagus 
effects. But many reasons may be cited against this view: for example, (a) long 
periods of high arterial pressure associated with Pentothal anesthesia early in the 
experiments*®* never caused fibrillation, nor did aortic occlusion; (b) small doses 
of epinephrine uniformly failed to produce fibrillation although the increase of 
blood pressure frequently approached that caused by effective doses; and (c) 
fibrillation was sometimes induced in advanced hypothermia when epinephrine 
failed to raise arterial pressure above the normal before cooling. It seems more 
probable that the synergic effect is due to a direct action of epinephrine on the 
atrial muscle, comparable to that of thyroid hormone.?°:*° 

As to the nature of this epinephrine effect we have no information, but it 
is reasonable to suppose that it acts through promoting atrial extrasystoles during 
vagus inhibition of the sinus node. The possibility of an indirect action, perhaps 
through circulatory embarrassment and atrial distension,*® is suggested by the 
fact that fibrillation following epinephrine injections alone does not usually begin 
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until blood pressure has begun to fall, and also by the fact that very large doses 
circus motion” theory 


of epinephrine are required. Mines* in elaborating the 
of fibrillation suggested that two conditions are necessary for atrial fibrillation 
to develop: (1) a decreased refractory period; and (2) a decreased conduction 
rate in atrial muscle. Stimulation of the vagus nerve has been shown to satisfy 
the first of these conditions’: but not the second.’ Epinephrine also reduces 
the refractory period moderately“ but greatly increases the intra-auricular con- 
duction rate.” We have found that fibrillation is most likely to occur under 
vagus stimulation during complete sinus arrest. The site of excitation must 
therefore be an ectopic atrial one or the A-V node. Epinephrine greatly in- 
creases the likelihood of discharge from ectopic sites and it is to this action 
that we attribute its direct action in promoting atrial fibrillation. Van Dongen* 
has shown that the fibrillation-inhibitory potency of various drugs is associated 
with their capacity to prevent heterotopic rhythms rather than with their ability 
to alter the refractory period or conduction time of atrial muscle; hence drugs 
which excite atrial extrasystoles may be expected to facilitate the development of 
fibrillation. 


These experiments provide no clue to the cause of atrial fibrillation in 
hypothermia in man. While exposure to cold promotes release of small amounts 
of epinephrine in the cat** and hypothermia protects epinephrine against detoxi- 
fication,*® it is most unlikely that adequate amounts accumulate in the blood 
stream of severely cooled men. The responses of the heart and peripheral vessels 
to epinephrine are well preserved in hypothermia, but all accounts agree that 
arterial pressures and heart rates are decidedly reduced at the temperatures 
conducive to fibrillation. Avoidance of anoxia in our experiments may have 
prevented spontaneous atrial fibrillation. Anoxia is known to favor fibrillation® 
and to sensitize the heart to vagus action.*"*! Dill and Forbes* have shown that 
signs of anoxia begin to appear in the chilled human being at about the same 
temperature (30° C.) at which spontaneous fibrillation occurs. 


SUMMARY 


1. Atrial fibrillation has been produced in dogs subjected to various degrees 
of hypothermia by (a) vagus stimulation; (b) intravenous epinephrine injections; 


and (c) vagus stimulation following epinephrine injections. 

2. Epinephrine injections produced fibrillation only when functional vagi 
were present and vagal stimulation following epinephrine injections was more 
effective than either procedure alone. 

3. Epinephrine is believed to cause fibrillation (a) by causing reflex vagus 
excitation; and (b) by exciting ectopic atrial extrasystoles. 

4. There is no evidence that hypothermia affected the production of atrial 


fibrillation by these means. 
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ELECTROCARDIOGRAPHIC CHANGES ON TILTING 


MICHAEL Newton, M.D. 
PHILADELPHIA, PA. 


MPORTANT cardiovascular adjustments take place on change of position. 
It has long been known that changes in the length of the cardiac cycle occur. 
However, studies on the relationship of systole to the cycle have, in general, been 
inconclusive. Lombard and Cope! first noted that systole was shorter in relation 
to the cycle in the standing than in the sitting or lying posture. Cheer and Li* 
and White, Kossmann, and Erschler* also found that systole was shorter in 
relation to the cycle in the sitting position than lying at rest, but in neither case 
was the difference statistically significant. White and Mudd‘ found that systole 
and cycle were both shortened proportionately in the standing position. Schla- 
mowitz* has recently reported that there was no significant difference in the two 
positions. Horwitz and Graybiel® found that on tilting to 60° from the horizontal, 
systole was long in relation to the cycle. In the present study the changes in 
systole/cycle relationship on tilting to the vertical and again on returning to the 
horizontal have been investigated in greater detail in men exposed to some 
cardiovascular stress. In particular, the time relations have been examined and 
the effect on the changes of alterations in environmental conditions. 


METHODS 


During studies of the effect of various procedures on the performance of men 
in the heat, reaction to tilting was used as one measure of performance. 


The details of the experimental methods are given elsewhere.’ In brief, 
there were two series of experiments. In the first, conducted during the months 
of July and August, four young men (medical students) were kept for periods of 
about twenty-eight hours in a psychrometric room. They entered the room at 
8 a.M., dressed themselves in shorts, undershirts, and sandals, and remained 
there until about noon of the next day. This was done two or three times a week, 
control and experimental periods being alternated. During the control periods 
the temperature was maintained at 33°C. (dry bulb) and 28 to 29°C. (wet bulb) 
(hot) throughout. Tests of performance were begun at about 8 A.M. on the second 
day with the subjects in a basal state. During the experimental periods the fol- 
lowing changes were made: (a) the room was maintained at 20°C. (dry bulb) 
and 18°C. (wet bulb) from 8 A.M. on the first day until 5 A.M. on the second day 


From the Department of Physiology, University of Pennsylvania School of Medicine. 
This investigation was aided by a Life Insurance Medical Research Fund Grant to Professor 
H. C, Bazett. 
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(cold experiment); (b) the room was kept hot, but the subjects remained lying 
throughout the first twenty-four hours until tests were made, except for essential 
toilet (rest experiment); (c) the room remained cold as in (a) and the subject 
remained lying as in (b) (cold and rest experiment); (d) 500 c.c. of blood was 
removed from each subject about twelve hours before testing. In every case 
tests were done at the same (hot) temperature. 

In the second set of experiments, conducted during the fall, four somewhat 
older men served as subjects. They entered the room (maintained at the same 
hot temperature as in the summer experiments) in a basal state in the morning. 
Tests were begun after one hour's rest. After testing, the subjects lay down for 
another hour, and the tests were then repeated. On the experimental days 
certain procedures were done during the hour’s rest. On one day 100 c.c. of 
a 25 per cent solution of serum albumin were given intravenously,* and on 
another day 200 c.c. of blood were withdrawn. 

All of the subjects were healthy men with no known cardiovascular disease. 
In order to make performance as uniform as possible all subjects (except R. D.) 
had considerable practice on the tilt table before the actual series of experiments 
were begun. Subjects were tested in the same order on every day as far as 
possible. 

The procedure for testing on the tilt table was as follows: The subject lay 
down for one hour. Active standing was then tested (Crampton test). The 
subject then mounted the tilt table and lay down. The table used was a simple 
structure fitted with a foot board and a band to be tied across the chest. Electro- 
cardiograph leads were actached and after about ten minutes, or when the heart 
rate had settled down to a steady level, the subject was tilted to 70° from the 
horizontal. Tilting was done as evenly and swiftly as possible by a trained 
operator, and usually lasted about two seconds. After tilting to the vertical, the 
subjects remained as still as possible, breathing regularly. At intervals they 
gave brief replies to questions about the presence of symptoms. They were 
maintained in the vertical position for twenty minutes and then returned to 
the horizontal position. If fainting seemed imminent they were returned to the 
horizontal before the twenty minutes were finished. They were observed for a 
further five minutes in the horizontal position. 

Electrocardiograph records were taken before and during tilting, and im- 
mediately, thirty seconds, sixty seconds, three, five, ten, fifteen, and twenty 
minutes after tilting. In the first series of experiments the three-, ten-, and fifteen- 
minute records were not obtained. Records were again taken during, immediately 
after, and thirty seconds, sixty seconds, three minutes (not in the summer experi- 
ments), and five minutes after return to the horizontal. 


In most subjects Lead II was used. In Subjects E. B. and J. W. Lead I 
was used, since Q-T intervals could not be measured accurately on Lead II. 
In one subject in the first experiment measurements could not be adequately 
made on any lead, and he was, therefore, excluded from the results. 


*Serum albumin was kindly given by the American Red Cross. 
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The electrocardiograph used was the Sanborn portable Cardiette. It ran 
consistently less than 1 per cent fast. 


Tracings were taken at each stated time for about five seconds. Systole 
(beginning of Q to the end of T) and diastole (end of T to beginning of Q) were 
measured for five cycles and mean values used. It was found that fluctuations 
in cycle length were present even at rest and were usually no greater at times 
when the heart rate was changing. From the mean figures of systole and cycle, 
K was calculated for each time from Bazett’s formula*® (systole = K V cycle, 


systole 


or K = The accuracy of measurement was to 0.01 second. This gives 


Vv cycle 
a limit of error for K of 10 where K is 376 (intermediate value), 12 where K is 336 
(low value), and 13 where K is 413 (high value). In general, at a given cycle 
length, if A is high, systole is long in relation to the cycle, while if K is low, 
systole is short in relation to the cycle. 


RESULTS 


The mean value of A at rest for all controls was 386. One subject (M. B.), 
whose mean was 412, gave consistently high values at rest. 


In the control periods of the first experiment (Table 1) consistent changes in 
K were found on tilting to the vertical and again on returning to the horizontal. 
On tilting to the vertical the mean value of A was significantly* increased im- 
mediately and at thirty and sixty seconds after tilting. The maximum increase 
was obtained immediately in all three subjects. The A values obtained at five 
and twenty minutes are suggestively but not significantly greater than the initial 
values. The five- and twenty minute values are significantly less than the im- 
mediate, the thirty-second, and the sixty-second ones, but the values in these 
two groups are not significantly different from each other. On returning to the 
horizontal, the immediate, the thirty-second, and the sixty-second values are sig- 
nificantly less than the initial value and greater than the five-minute value. There 
is no significant difference between the first three values, and the five-minute 
value is not significantly less than the resting value. The maximum decrease 
was at thirty seconds in two subjects and immediately in one. 


Similar results were obtained in the control periods of the second set of 
experiments (Table II). On tilting to the vertical, K was significantly greater 
than the initial value at all times except at ten and twenty minutes. However, 
maximum increases were obtained at sixty seconds in one subject, at thirty 
seconds in one, and at both in one, while in one (C. S.) no thirty-second values 
were obtained for comparison. The three-, five-, ten-, fifteen-, and twenty-minute 
values were significantly less than the maximum value (thirty seconds), but 


*A difference is here considered significant if the possibility of obtaining by chance a difference as 
great as or greater than that observed is less than 1:100, that is, if the actual difference between the 
two means is greater than 2.60 times the standard error of the difference between them. This assumes 
random sampling. 
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showed no significant differences among themselves. There were also no sig- 
nificant differences between the immediate, the thirty-second, and the sixty-sec- 
ond values. On returning to horizontal, the immediate, the thirty-second, the 
sixty-second, and the three-minute values are significantly less than the initial 
value, while the five-minute value is not significantly less. There is no difference 
between the first three values or between the last two, but the latter are signifi- 
cantly greater than the former. The maximum decrease was at thirty seconds 
in one and immediately in two subjects. 

In the experimental periods (Tables III and IV), the changes in K followed 
a course similar to that observed in the control periods. Mean values for three 
subjects in the first experiment and four subjects in the second experiment did 
not at any time show a significant difference from the control figures (more than 
three standard deviations from the mean). An apparently greater increase in K 
on tilting to the vertical and less decrease on returning to the horizontal position 
in the “rest’’ experiment is probably connected with the fact that the initial 
value of K in each subject was lower than usual. Converse changes are seen 
in the ‘‘cold and rest’’ experiment. 

In Table V the mean changes in K are compared with the mean changes in 
pulse rate in the control periods of both sets of experiments. The changes are 
in the same direction in most instances, but the time relations and magnitude 
are very different. 

Table VI shows the values of K obtained after tilting in two subjects, 
(1) twenty-five minutes after the subcutaneous injection of atropine sulfate 
(grain 1/50) and (2) fifteen minutes after the subcutaneous injection of ergota- 
mine tartrate (0.5 mg.). The resting value of K is slightly increased after atropine. 
On tilting to the vertical after ergotamine, the increase in K is not as great as 
usual. On returning to the horizontal the decrease in A is less than usual after 
ergotamine, and greater than usual after atropine. These differences are not 
statistically significant, even though suggestive. 

The T waves in all subjects were reduced in size after tilting to the vertical 
and returned to normal after return to the horizontal position. In two subjects 
(E. B. and J. W.) the T waves in Lead II disappeared or became inverted on 
tilting to the vertical. In Lead | the changes were in the same direction but less 
marked. In general, the height of the T waves appeared to vary inversely with 
the heart rate, but observations were not sufficiently accurate or numerous to 
admit of definite conclusions. 


Immediately after returning to the horizontal position, prolonged diastoles 
(over 1.25 seconds) were noted in several instances, and on one occasion an extra- 
systole was seen in a subject who was never observed to have had an extra- 
systole before. No other abnormalities were seen. 

Observations after exercise in two subjects (R. A. and M. B.) showed an 
average K value of 398 at four minutes, 387 at five minutes, and 410 at seven 
minutes after work on the bicycle ergometer. Pulse rates at the same times 
averaged 122, 125, and 116 beats per minute, respectively. These K values are 
not significantly different from those obtained at rest. 
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TABLE V. COMPARISONS OF MEAN INCREASES IN PULSE RATE AND INCREASE 
IN K VALUES IN CONTROL PERIODS 


First Experiment 


IMMED. 30 SEC. 60 SEC. 5 MIN. 20 MIN. 
After Tilting to the Vertical 
K +30 + +20 +14 +16 
Pulse rate +17 +22 +26 +28 +33 


After Tilting to the Horizontal 


K — 37 —44 — 39 — 7 
Pulse rate +4 — 9 —12 — 6 


Second Experiment 


| 


| IMMED. 30 sEc. | 60 SEC. 3 MIN. 5 MIN. 10 min. | 15 MIN. | 20 MIN. 


After Tilting to the Vertical 


K | +34 | +44 +34 +16 | +13 | +15 | +23 | 417 
Pulse rate +15 | +27 +34 | +36 | 434 | 431 +33 +33 


After Tilting to the Horizontal 


K | —43 —12 — 8 
Pulse rate | +1 —5§ — 7 — 8 


DISCUSSION 


Various formulas have been suggested relating systole to the cardiac cycle. 
Frequent use has been made of Bazett’s formula which is used in this study. 
Schlamowitz® in a study of 650 normal men has compared several formulas. He 
found that the relationship between systole and cycle at rest was linear rather 
than curvilinear. However, Bazett’s formula fitted the data reasonably well, 
especially at rapid heart rates. In the present study relative rather than abso- 
lute changes were of interest, and the discrepancies in Bazett’s formula may be 
ignored since it provides a convenient relative index of systole/cycle relationship. 

In experimental animals various factors have been found to affect K (or 
systole/cycle). Katz!’ and Wiggers'! showed that systole was prolonged by 
increase of the venous return to the heart. Recently Robb and Turman® have 
shown in intact dogs that the Q-T/cycle relationship is reduced by stimulation 
of the vagus, chiefly through the lengthening of diastole. Injection of atropine 
increased Q-T/cycle (presumably by inhibiting vagal action), while injection of 
adrenalin caused a vagal reflex and in the atropinized animal increased the 
Q-T/cycle value, mainly by shortening diastole. Adrenalin may also shorten 


systole directly." 
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On tilting from the horizontal to the vertical position, changes in the filling 
of the heart and in its nervous control must occur. The consistent results ob- 
tained in these experiments, that is, a relative lengthening of systole on tilting 
to the vertical with a subsequent return to almost the initial relationship, and a 
relative shortening of systole on returning to the horizontal with a return to the 
initial value after three to five minutes, may be tentatively explained as follows. 
An early reduction in vagal tone (shortening of diastole) may be followed by a 
later increase in sympathetic tone (shortening of systole). On returning to the 
horizontal position the changes are reversed, a sudden return of vagal tone being 
followed by a slow decrease of sympathetic activity. However, this scheme does 
not account for the mechanical changes of venous return which is presumably 
reduced on tilting to the vertical and increased on returning to the horizontal. 
Also, the changes in sympathetic tone might conceivably be expected to occur 
earlier than three minutes after tilting. Although the effect of the vagus upon 
ventricular systole has been questioned, some evidence for the role of the vagus 
was given by the atropine experiment. Here the resting value of K was high and 
the decrease on returning to the horizontal was less marked, indicating that full 
vagal control did not return. Ergotamine tartrate may potentiate the action 
of the vagus in the heart." The smaller increase in K after tilting to the vertical 
and the larger decrease after returning to the horizontal support this. 

Changes in blood volume might be expected to affect the adjustment of the 
heart to the strain of tilting. Blood volume has been shown to be reduced by 
cold‘ and rest. In the experimental periods of the first series of experiments 
blood volume was reduced by cold,-rest, cold and rest, and hemorrhage. In the 
second series it was increased by infusion and decreased by hemorrhage. The 
probable amounts of change so produced are discussed elsewhere,’ but in any 
case did not exceed 8 to 19 per cent of the total blood volume, and were usually 
less than that. In general, performance was correlated with the changes in blood 
volume. Performance on the tilt table was measured by the average of the 
fifteen-, seventeen-, and nineteen-minute pulse rates obtained after tilting to the 
vertical, or, if the subject approached fainting, by the maximum pulse rate 
obtained. In the first series cold, cold and rest, and hemorrhage produced a higher 
pulse rate (worse performance); rest gave equivocal results. In the second series 
of experiments infusion produced a lower pulse rate (better performance) in all 
four subjects; hemorrhage produced a higher rate in two, a lower rate in one, and 
no change in the fourth subject. Performance in the other tests paralleled that 
on the tilt table. No similar alterations in the changes of the systole/cycle 
relationship were observed. In the absence of more extensive studies, it is likely 
that in normal men: (1) the changes in systole/cycle relationship which occur 
on tilting in the heat are not affected by procedures which alter blood volume by 
small but definite amounts, and (2) the factors affecting the systole/cycle relation- 
ship are not the same as those affecting the pulse rates reached after tilting. 

In the summer experiments the subjects were probably partly acclimatized 
to the temperatures used for the tests. In the second experiment the subjects 
were definitely not acclimatized. The values of AK at rest did not differ sig- 
nificantly in the two experiments (though the mean for the second experiment 
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was slightly lower than that for the first). In the second experiment, however, 
the maximum increase of K occurred later than in the first experiment. The 
exact significance of this is not obvious. 


SUMMARY 


1. Electrocardiograms were taken before, during, and after tilting in 
normal young men in the heat. 

2. In control experiments systole was found to be long in relation to the 
cycle after tilting to the vertical and to be reduced, though not to the initial 
value, after three minutes. On returning to the horizontal position, systole was 
short in relation to the cycle and began to approach the resting value after 
three minutes. 

3. These changes were not affected by procedures which altered blood 
volume and performance by small but definite amounts, that is, bed rest, exposure 
to cold, hemorrhage, or infusion of serum albumin. 

4. Some evidence for the possible role of the vagus in these changes is 
presented. 
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QUANTITATIVE STUDIES OF VENTILATION DURING INHALATION 
OF CARBON DIOXIDE IN NORMAL AND 
EMPHYSEMATOUS PATIENTS 


James Homan, M.D.,* anp G. Tom SuiRrEs, M.D.7 
DALLAS, TEXAS 


HAT the respiratory center is very responsive to small increments of rapid 

changes in carbon dioxide tension was demonstrated in the years 1903 to 
1905, and recorded in 1905 in a paper by Haldane and Priestley.'*» To quote 
from their paper: ‘‘The respiratory center is exquisitely sensitive to any rise in 
the alveolar carbon dioxide pressure, a rise of 0.2 per cent of an atmosphere in 
the alveolar carbon dioxide pressure, for instance, being sufficient to double the 
amount of alveolar ventilation during rest.’ Two-tenths per cent of an atmos- 
phere is equivalent to an increase in tension of 1.52 mm. Hg of carbon dioxide, 
or a decrease in pH of 0.012 in Haldane’s patients. 


Nielsen? in 1936 recorded similar studies and reported an increase of 10 liters 
of ventilation per minute for an average decrease in pH of the arterial blood of 
().02 in one patient, and 0.045 in another. Krogh* has also shown in one patient 
an increase of 10 liters in ventilation for decrease in pH of the arterial blood of 
0.04 to 0.045, and of a second patient 10 liters increased ventilation per minute 
for a change of 0.02 in the arterial blood pH. 


There are no serious objections to the methods that these different groups 
of investigators used in studying normal subjects. Haldane and Priestley in- 
cased the patient in a body plethysmograph, and by means of a small tube con- 
necting the plethysmograph to a kymograph drum were able to record tidal air, 
rate, and minute volume. Around the individual's head was a chamber which 
allowed the patient to rebreathe his own exhaled air. This was devised in such a 
manner that samples of alveolar air could be collected at will for an analysis 
of carbon dioxide tension. 


Nielsen’s group? utilized a different technique and measured arterial blood 
for total carbon dioxide content and alveolar air for carbon dioxide tension. By 
this method they calculated arterial blood pH by utilizing the Henderson-Hassel- 
balch equation, assuming arterial blood carbon dioxide tension to be in equili- 
brium with alveolar carbon dioxide tension. They were also able to measure the 
tidal air, rate, and minute ventilation, since the patient was breathing into a 
spirometer. 


From the Department of Internal Medicine, Southwestern Medical College, Dallas, Texas. 
*Done during the tenure of a fellowship provided by the William S. Merrell Company. 
tDone during the tenure of a Life Insurance Medical Research Student Fellowship. 
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Scott* and Meakins and Davies® have both reported that emphysematous 
patients were insensitive in their response to the inhalation of high percentages 
of carbon dioxide, as compared with normal subjects. These investigators also 
calculated blood pH, since they measured alveolar carbon dioxide tension and 
total serum bicarbonate. 


The present study was undertaken to see if these quantitative studies on 
normal subjects could be reduplicated by using a different technique (direct 
measurement of blood pH), perhaps better suited for the study of pathologic 
states as encountered in diseases as, for example, emphysema, congestive heart 
failure, and bronchial asthma. 


TECHNIQUE 


The patients were brought into a quiet room where they assumed the supine 
position on a comfortable bed. They were allowed to breathe into a Benedict- 
Roth type spirometer for some time, until they became adjusted to it. The 
pointer was connected to a rotating smoked drum, moving at a constant speed 
of 5.2 cm. per minute. The spirometer contained 30 per cent oxygen and 70 
per cent nitrogen. ‘Tidal air, rate, and minute ventilation were recorded on the 
drum while the patient breathed into the spirometer. At the time the spirometer 
contained 22 to 25 per cent oxygen, an arterial puncture was made into one 
femoral artery and two samples of blood collected: one under oil, with sodium 
oxalate, for determination of oxygen content, and the second under oil, without 
sodium oxalate, for determinations of pH and total carbon dioxide content of the 
serum. Oxygen content and capacity studies were done only on the patients with 
emphysema and fibrosis of the lungs. 


After the blood had been collected, the soda lime was taken out and 30 per 
cent oxygen, 3 per cent carbon dioxide, and 67 per cent nitrogen were added to 
the spirometer, and the patients were allowed to rebreathe (with the soda lime 
removed) into the spirometer. After a marked increase in ventilation, which 
was, in every instance, before the patient’s maximal effort was reached, a second 
femoral artery puncture was done and blood collected for serum pH and total 
serum carbon dioxide. Twenty-five minutes was about the average time required 
for completion of an experiment. 


The blood gases were analyzed by the method of Van Slyke and Neill. The 
pH of the arterial blood was determined by means of a Coleman pH electrometer, 
with a glass electrode attachment. The data used to plot Chart I were obtained 
by having two normal subjects at rest (not basal) respire into a Benedict-Roth 
type spirometer at selected rate and tidal exchange. 


Two groups of patients were studied: (1) twelve normal, healthy young 
male adults; (2) thirteen patients with pulmonary disease, which included twelve 
emphysematous patients, and one patient with fibrosis of the lung (Boeck’s 
sarcoid). 


HOLMAN AND SHIRES: STUDIES OF VENTILATION DURING INHALATION OF CO» 1103 


RESULTS 


1. Normal Subjects.—In the twelve normal subjects there was considerable 
variation in the ventilation, expressed in liters increase per minute for each 
millimeter increase in carbon dioxide tension (Tables I and I1). This ranged 
from a low of 0.72 liters in one subject to a high of 9.89 liters in a second subject. 
The average increase in ventilation per minute of the twelve subjects was 2.71 
liters, with 1.60 liters per minute increase as the median value of this group. In 


TABLE I. NorMAL Supjects: RESTING 


MINUTE SERUM | TOTAL | VITAL 
MIN. TIDAL | VENTILA- | ARTERIAL CO2 SERUM | CAPA- VENTILATION 
NAME | RESP. AIR TION BLOOD | TENSION] CITY | yiTAL CAPACITY 
RATE (LITERS) PH (MM.HG) |(VOL. %)| (c.c.) 
B. B. 13 746 9.68 7.58 28.3 59.3 4,600 2.10 
J. F. 16 904 14.46 7.58 26.5 55.4 4,000 3.62 
H. M. 16 479 7.62 7.47 33.8 55.3 3,820 2.00 
D. B. 12 436 5.20 1.56 | BS 61.8 4,650 1.12 
7. 14 622 8.72 7.44 29.0 44.6 4,405 1.98 
R. R. 16 593 9.49 7.41 41.3 59.2 4,050 2.34 
C. W. 16 664 10.6 7.38 46.0 62.0 4,520 2.35 
F. N. 13 768 10.00 7.38 44.0 57.6 4,210 2.38 
W. C. 13 664 8.63 7.38 43.9 59.0 4,015 2.33 
S. B. 14 519 7.27 7.30 51.0 60.2 4,195 L.vo 
W.R. 20 415 8.30 7.47 36.5 59.8 4,420 1.88 
H. Me. 25 509 12.74 7.57 25.4 52.0 4,230 3.01 
Median 
Average 7.46 36.3 57.01 
TABLE II. NorMAL SusjEcts DurRING CARBON DoxipE HyPERPNEA 
MINUTE MINUTE 
VENTILA- VENTILA- 
MIN. TIDAL | VENTILA- | ARTERIAL | SERUM | TOTAL TION TION 
NAME | RESP. AIR TION BLOOD C02 SERUM | INCREASE | INCREASE 
RATE (ec.) (LITERS PH TENSION| COs PER MM. PER .O1 
PER MIN.) (MM.HG) |(VOL. %)| HG OF CO PH 
B. B 25 2,480 62.02 7.48 36.5 61.3 6.38 3.23 
4 36 1,856 66.90 7.53 a8.7 59.4 10.00 10.4 
H. M 21 974 20.45 7.34 49.4 60.8 .82 98 
D.B 24 791 18.96 7 on 35.4 64.9 2.30 2.29 
<a 25 1,390 34.75 7.34 40.2 49.5 2.34 2.60 
R.R 22 1,015 22.35 7.38 45.0 60 .6 3.47 4.27 
W 24 1,610 38.65 7.28 62.1 67.3 2.80 
F.N 19 913 17.35 7.20 53.4 63.0 78 1.47 
W. C 14 1,245 17.44 7.20 53.1 64.0 .96 1.76 
S. B 25 891 22.25 7.26 63.2 65.6 1.23 2.50 
W.R 25 1,140 28.50 7.38 50.3 67.8 1.45 2.23 
H. Mc 25 1,763 44.10 7.36 50.4 64.9 1.25 1.49 
Median 1.60 2.50 
Average 2.71 3.16 
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terms of pH this shows an average increase of 3.16 liters per minute for 0.01 change 
in pH, and a mediau value of 2.50 liters. 

Il. Patients With Emphysema and One Patient With Fibrosis of Lungs. 
Like the normal subjects, the patients with emphysema varied considerably in 
the increased amount of ventilation expressed in liters per minute per millimeter 
of carbon dioxide tension change (Tables III] and IV). These patients had a low 

TABLE III. EMpHYsEMA: RESTING 
| SATURA- 
MIN. | TIDAL | MINUTE | ARTERIAL| SERUM TOTAL | TION VITAL | 
NAME | RESP. AIR | VENTILA- | BLOOD | Oz SERUM | ARTERIAL | capacity |_ VENTILATION 
RATE (C.C.) TION PH TENSION CO, BLOOD (c.c.) | VITAL CAPACITY 
(LITERS) | (MM.HG) | (VOL. %) = CENT) | 
| | | | | 
C. W. 28 850 23.80 7.42 | 28.5 41.8 | 82.1 | 2,200 | 10.80 
W. 2. 22 751 | 16.50 | 7.38 | 51.0 68.6 | $3.3 | 2,010 | 8.25 
R. B. 18 477 8.60 7.40 | 46.4 65.2 | 86.2 1,206 | 7.16 
B. J. W 18 560 10.50 7.39 42.3 | 58.2 } 90.5 | 1,618 | 6.50 
J.W. 20 4566 9.11 7.50 31.6 | 55.4 | 74.6 | 1,605 | 5.68 
F. Me 15 456 6.85 7.51 39.1 70.0 |. 87.2 | 1,285 5.34 
R. G. 14 664 9.30 7.37 37.6 | 49.5 86.4 1,810 5.14 
J. B. 30 446 13.36 7.48 35.5 59.6 86.3 | 2,080 6.45 
C. W. | 13 664 8.65 7.57 28.2 | 57.8 88.7 | 1,604 5.40 
J. M. 15 415 6.23 7.42 54.8 | 80.6 80.3 | 1,208 5.18 
J. C. 30 456 13.7% 7.51 39.8 71.4 87.0 | 1.215 11.30 
W. H 11 790 8.70 | 7.45 35.8 | 56.3 84.2 1,750 4.98 
E. E 1] 540 5.94 7.38 48.2 | 64.8 91.2 1, 680 3.53 
Median | | | | 
Average | 7.45 | 39.9 | 61.5 | 
TABLE IV. CARBON D1oxIDE HyPERPNEA 
MINUTE 
VENTILA- SERUM TOTAL MINUTE VENTILA- 
MIN. TIDAL TION ARTERIAL CO2 SERUM VENTILA- TION 
NAME RESP. AIR (LITERS BLOOD TENSION COs TION INCREASE 
RATE (c.c.) | PER MIN.) PH (MM.HG) |(VOL. %)| INCREASE PER .01 
PER MM. DECREASE 
HG OF CO» PH 
C. W. | 38 872 | 33.10 7.39 30.7 42.3 4.20 3.10 
W.Z. | 31 788 | 24.40 | 7.34 | 56.8 70.2 1.36 1.98 
R.B. | 18 560 | 10.04 Tia 53.3 70.0 23 .48 
BJ. 18 788 14.16 7.36 | 45.5 59.8 1.14 1.22 
J. W. 28 974 27.25 7.44 39.1 60.1 2.40 3.02 
F. Mc 20 605 | 12.10 7.37 56.3 74.2 31 .38 
R.G 21 872 18.31 7.28 47.4 53.3 91 1.00 
31 726 | 22.50 7.46 37.8 60.6 3.97 4.57 
C. W. 15 1,100 16.50 7.51 35.0 62.6 5.35 1.31 
J. M. 30 | 45 12.45 7.40 60.3 | 84.7 1.13 3.11 
'. < 30 726 | 21.78 7.49 41.7 71.4 4.25 4.04 
W. H. 11 1,450} 15.95 7.38 42.6 | 57.4 1.06 1.04 
E. E. 20 1,036 20.72 7.32 55.8 66.0 1.95 2.40 
Median 1.13 1.98 
Average 7.42 1.85 2.12 
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of 0.23 liters increase per minute for each millimeter increase in carbon dioxide 
tension of arterial blood in one patient, to a high of 4.25 liters increase per minute 
for each millimeter increase in carbon dioxide tension in another patient. Ex- 
pressed as an average, it would equal 1.85 liters increased ventilation per minute 
per millimeter of carbon dioxide tension increase, with 1.13 liters increased ven- 
tilation per minute as a median value. In terms of pH, the average change per 
().01 decline was 2.12 liters, with 1.98 liters increase in ventilation as the median 
figure. 


DISCUSSION 


Normal Patients.—The quantitative response to inhalation of a given amount 
of carbon dioxide in a group of twelve normal subjects corroborates previous stud- 
ies, as done by Haldane,’ Krogh,’ and Nielsen,? all of whom used slightly different 
techniques in making their studies. Haldane’s’ patients showed an average in- 
crease of 3.0 mm. Hg in carbon dioxide tension in order to double ventilation. 
Since these patients required 8.55 liters per minute to double ventilation, our 
finding would compare favorably, as a 3.0 mm. increase in carbon dioxide tension 
would equal an average increase of 8.13 liters per minute. Krogh showed ten 
liters increase per minute in one patient for a decrease in pH of 0.02. A second 
patient required a change in the arterial blood in a magnitude of 0.04 to 0.045 
decrease in arterial pH. The patients in this study showed ten liters increase for 
an average of 0.031 decrease in arterial blood pH. 


There was a tendency at first for some of the patients to hyperventilate, on 
anticipation of the arterial puncture. J. F., a medical student, had a minute 
ventilation of 14.46 liters. 


Emphysematous Patients.—The preceding normal patients were studied in 
order to set a standard base line for the sensitivity of the normal patient, so that 
one could compare them with patients with respiratory difficulties. 


Roelsen*® has shown that the composition of the alveolar air, when fraction- 
ated with the Sonne-Ejnar-Nielsen apparatus, varies somewhat more in em- 
physematous patients than in normal subjects. Scott‘ has shown that for a given 
concentration of inspired carbon dioxide the increase in minute ventilation is less 
in emphysematous than in normal subjects, and suggested that such patients are 
less sensitive to carbon dioxide. However, since the emphysematous lung is 
pathologically altered, it does not follow necessarily that the blood carbon dioxide 
tension has risen correspondingly to what it might in normal subjects for the same 
minute ventilation. For these reasons it was thought wise to check ventilation 
increase compared to changes in arterial blood carbon dioxide tension, and not to 
alveolar air samples during breathing of varying percentages of carbon dioxide 
in the inhaled air. Scott suggests that the increased tolerance which his patients 
show to carbon dioxide inhalation, over the normal patients, might be due, in 
part, at least, to the increased buffering power of the emphysematous patient's 
blood, which had a considerably higher carbon dioxide content than did the nor- 
mal subjects whom he studied. For example, to change the pH of blood with a 
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total serum carbon dioxide content of 80 volumes per cent from a pH of 7.45 
to a pH of 7.42 requires 3.6 mm. increase in carbon dioxide tension, whereas a 
2.8 mm. increase of the carbon dioxide tension will change the hydrogen ion 
concentration by the same degree, when the total serum carbon dioxide content 
in the blood is 60 volumes per cent. Therefore, it will of necessity require a 
slightly higher tension of carbon dioxide to produce the same reduction in pH 
in those patients with high serum bicarbonate levels. 


On comparing these thirteen patients with the normal subjects, it is seen 
that the group average is 33 per cent less responsive, in terms of ventilation, to 
carbon dioxide tension changes. From a statistical analysis, however, the stand- 
ard error of the means is greater than the difference between the means. There- 
fore, the difference between the means does not seem to be significant. The 
average total carbon dioxide content of the normal subjects was 93 per cent that 
of the emphysematous patients. 


The respiratory center can respond with impulses to the respiratory muscles, 
but since the emphysematous lung has lost its elastic tissue, ventilation differs 
from the normal in that in the latter a given amount of work produces a given 
tidal exchange; but not so in the emphysematous patients. Their breathing is 
inefficient in that a given amount of work usually causes a smaller tidal exchange.’ 
In so far as one can estimate respiratory effort, from the expression 
ventilation (in liters per minute) 

as described by Harrison and his associates,” 
vital capacity (in liters) : 
the emphysematous patients show a marked increase in resting respiratory effort 
as compared with normal subjects (Tables I and III). 

As already stated, a statistical analysis seems to indicate that the difference 
in the ventilation response was not significant. However, a further attempt was 
made to determine whether the emphysematous patient, although showing a 
slightly smaller response to the carbon dioxide inhalation in terms of average 
increased ventilation per minute, may have used as much or more respiratory 
effort. This consideration is shown in Chart I, in which the A and A’ curves 
represent Oxygen consumption per minute in two normal subjects at various 
levels of tidal air (or ventilation per minute, since the rate was kept constant). 
It is seen that as the normal subjects’ tidal air approached their vital capacities, 
they utilized an increased amount of oxygen, which, of course, is indicative of 
work expended to respire. Curve B represents the theoretical expected oxygen 
consumption curve for the emphysematous patients. The actual measurement 
was not possible, as the patients were dyspneic at rest and could not selectively 
increase tidal air at a given rate. In view of the fact that the normal subjects 
utilized more oxygen as their tidal air approached their vital capacities, it is 
obvious that the patients with emphysema (who had less than 50 per cent normal 
vital capacity) were utilizing more oxygen than the normal subjects when the 
two were breathing at the same tidal exchange. For example, to increase tidal 
air from 1,000 c.c. to 2,000 c.c. would require less than one-half as much increase 
in oxygen consumption as compared with the emphysematous patient. 
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Chart I.—The oxygen consumed by two normal adult men under resting (but not basal) conditions 
is shown in relation to the tidal air. Since the rate was kept constant at a selected value by voluntary 
control, and since the subject's vital capacity was constant, the changes in tidal air represent corre- 

sponding changes in minute ventilation and in respiratory effort as measured by ——————_. 
vital capacity 


Curves A and A’ represent actual data as obtained on two normal subjects. Curve B is theoretical 
and plotted for an emphysematous subject, because in such patients the severe dyspnea renders the 
actual measuremvnt impossible. 

It can be seen that for a given increment of ventilation the amount of increase in oxygen consump- 
tion becomes much greater as the subject approaches his vital capacity. It is, therefore, clear thatin 
order to achieve a given increase in ventilation a markedly greater energy expenditure is necessary 
in the emphysematous patient, as compared with the normal subject. 


Since the increase in oxygen consumption per minute is a good measure of 
respiratory effort under conditions of respiratory stress, it is obvious from the 
foregoing that, although the emphysematous patient responded with a slightly 
smaller increase in ventilation per minute, he may have actually expended a great 
deal more respiratory effort for the same increase in ventilation per minute than 
did the normal subject. This consideration was borne out, subjectively, by the 
patients, in that all of the emphysematous patients experienced rather marked 
subjective (and objective) respiratory distress at the levels of increased minute 
ventilation which caused no distress whatsoever in any of the normal subjects. 

The slightly elevated average pH of the blood of the normal subjects was 
thought to be due to the fact that these subjects were anticipating an arterial 
puncture, and would hyperventilate at the time of the puncture. In reviewing 
the individual subjects it is seen that several of them did have an increased minute 
ventilation above the normal when at rest. However, the examination of the 
individual responses of B. B., H. M., and T. S. would seem to indicate that this 
was no sericus objection, as these subjects demonstrate the principle that the 
response to ventilation by inhalation of carbon dioxide is not significantly related 
to the initial pH of the blood in these patients. 
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The increased resting minute ventilation, and slightly high average pH of 
several of the patients with emphysema, were not thought to be wholly due to 
hyperventilation of excitement. These patients’ minute ventilations were checked 
on two occasions when they were told that they were not to have an arterial 
puncture. Under this desirable condition their minute ventilations compared 
favorably with those recorded on the day of the actual experiment. Those patients 
who had a rapid minute respiratory rate were observed in their sleep to confirm 
the fact that it was not due to experimental excitement. Several of the patients 
went back to their rooms after the experiment and slept. It was possible to obtain 
venous blood on three patients as they slept. The pH of this venous blood was 
in the order of 0.03 to 0.04 lower than the arterial sample drawn from one to two 


hours before. 


It is well to point out that the patients were ventilating at rest near their 
capacities, but carbon dioxide inhalations were always discontinued before their 
maximal capacities were reached, for it is obvious that these patients could not 
respond further to carbon dioxide inhalations once their maximum was reached. 
Therefore, the sensitivity of the respiratory center in these patients was tested 
within the physical capabilities of the patients. It seems clear, therefore, that the 
respiratory center, while apparently less sensitive to carbon dioxide, is actually 
more sensitive in emphysematous patients. However, the mechanism of this 
phenomenon remains obscure. 


SUMMARY 


Quantitative studies on the response of the ventilation to carbon dioxide 
inhalation were carried out on twelve normal subjects, twelve patients with em- 
physema, and one patient with fibrosis of the lung (Boeck’s sarcoid). Tidal air, 
respiratory rate, minute ventilation, arterial serum carbon dioxide, and pH de- 
terminations were made before and during hyperpnea produced by addition of 
carbon dioxide to the spirometer. Minute liter ventilation increase, divided by 
the millimeter increase in tension of carbon dioxide of the normal group, showed 
an average increase of 2.71 liters per minute for each millimeter of mercury in 
crease of carbon dioxide, or a median value of 1.6 liters. In terms of pH this was 
shown to be an increase of 3.16 liters per minute for each 0.01 decrease in pH, or 
a median value of 2.5 liters. 


The patients with emphysema were shown to have an average of 3.0 
volumes per cent (7.0 per cent) more total carbon dioxide content than did the 
normal subjects. The average response was 1.85 liters per minute increase in 
ventilation for each millimeter increase in carbon dioxide tension (66 per cent 
that of the normal group) when both groups are considered as a whole. There 
was a wide variation in the response within each group and considerable over- 
lapping between the response of the two groups existed. A statistical analysis 
would seem to indicate that the difference was not significant. However, the 
patients with emphysema did not get as much tidal exchange for a given amount 
of respiratory effort as did the normal subjects, and were shown by the 
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. ventilation (in liters per minute) 
relationship to have an increased resting respira- 
vital capacity (in liters) 


tory effort as well as a greater increment of respiratory effort for a given change 
in pH consequent to carbon dioxide inhalation. 

From the evidence presented, it seems apparent that in terms of respiratory 
effort, the emphysematous patient is actually more sensitive to carbon dioxide 
inhalation than the normal individual. The explanation for this phenomenon 
is unknown at the present time. 


The authors wish to thank Dr. Tinsley R. Harrison for helpful suggestions throughout this 
study. 
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INTRACAVITY AND ESOPHAGEAL POTENTIALS IN RIGHT 
VENTRICULAR HYPERTROPHY 


PAUL SCHLESSINGER, M.D., AARON BURLAMAQUI BENCHIMOL, M.D., AND 
Murit_o R. Cotrim, M.D. 


Rio DE JANEIRO, BRAZIL 


gp ttn investigations on intracavity potentials of the human right heart 
have proved of great interest in the interpretation of certain aspects of 
clinical electrocardiography. The initial publication of Lenégre and Maurice! 
in 1945, and subsequently that of Hecht® in 1946, were soon followed by two 
valuable contributions’ to this subject presented at the Inter-American Con- 
gress of Cardiology held in Mexico City in October, 1946. 

Intracardiac leads in dogs had previously been studied by Wilson and 
co-workers,’ who were able to demonstrate the presence of an initial positive 
deflection, attributed to septal activation, in the right ventricular cavity of the 
normally activated heart. In the presence of left bundle branch block, negative 
deflections (QS) were found in the right ventricular cavity and diphasic complexes 
of the RS type, in the left intraventricular lead. In right bundle branch block, 
negative complexes were found in the left ventricular cavity, whereas initially 
positive deflections were present in the right ventricle. These studies have con- 
tributed to a more comprehensive interpretation of the human electrocardiogram. 

The experimental investigations of Sodi-Pallares’ with the exploring elec- 
trode in the cavity of the left ventricle have demonstrated an elevation of the 
RS-T segment due to subendocardial current of injury with a corresponding 
depression in precordial leads similar to that observed in recent posterior infarc- 
tion. An experimental study on RS-T displacement, including intracavity 
potentials, has been reported by Wolferth and co-workers.’ A comparative study 
of the intracavity potentials in man and dog has recently been published by 
Sodi-Pallares and associates.‘ These authors have made a valuable contribu- 
tion to our present knowledge of this subject. Battro and Bidoggia,’ reporting 
their observations on the human endocardiogram in twenty-three cases, have 
emphasized the similarity in configuration of the ventricular complexes obtained 
by introduction of the exploring electrode in the right atrial cavity (Type II) 
with that of the esophageal lead at the auricular level. 

Our first studies on intracavity potentials were undertaken in an attempt to 
investigate an atypical aspect of the precordial electrocardiogram in certain 
cases of right ventricular hypertrophy found in chronic cor pulmonlae.’? These 

From the Department of Cardiology of the Fifth Medical Clinic, National Faculty of Medicine, 
Service of Professor L. Capriglione, Hospital Moncorvo Filho, Rio de Janeiro. 
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investigations aroused our interest in the interpretation of cardiac intracavity 
potentials and resulted in a more detailed study with the selection of five cases 
of marked right ventricular hypertrophy, including three patients with chronic 
cor pulmonale, of which one was associated with interventricular septal defect, 
one patient with long-standing mitral stenosis, and one with the tetralogy of 
Fallot. In addition to standard, precordial, and unipolar limb leads, the esopha- 
geal electrocardiogram was recorded in all instances at auricular and ventricular 
levels, as well as right intracavity potentials. The present report concerns the 
comparative study and detailed analysis of the configuration of the QRS com- 
plexes in esophageal and intracavity leads, as well as in the unipolar lead of the 
right arm. 


METHOD 


All patients received 0.20 Gm. of sodium amytal on the eve of the procedure 
followed by a similar dose one hour before catheterization. The exploring elec- 
trode was introduced through the right external jugular vein, after local in- 
filtration with Novocain. Our electrode was of the same type as that used at the 
Institute of Cardiology of Mexico and consisted of a catheter containing a wire 
connected to a small metal tip at one end (exploring electrode) and to a metal clip 
at the other. Unipolar leads were taken in all cases, using Wilson's central 
terminal. The catheter was introduced under fluoroscopic control and films 
were taken at the various positions in which the electrocardiogram was re- 
corded. All patients showed an excellent tolerance to the procedure, with 
the exception of one to whom it was necessary to give 0.01 Gm. of morphine 
subcutaneously. Thirty thousand units of penicillin were administered prophy- 
lactically every three hours for forty-eight hours following the procedure. No 
ill efiects such as fever, venous thrombosis, or other complications were observed 


in a one-month follow-up. 


Fig. 1.—Case 1. W. R., a 26-year-old patient with tetralogy of Fallot. The electrocardiogram shows 
marked right ventricular and auricular hypertrophy. 
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REPORT OF CASES 


Case 1.—W. R., a 26-year-old white man, had been cyanotic since birth because of con 
genital heart disease which had been diagnosed as tetralogy of Fallot. The electrocardiogram 
(Fig. 1) revealed left axis deviation of the P wave, with tall, peaked auricular complexes in Lead I, 
as well as in the precordial leads; marked right axis deviation of the QRS complex, with late R 
waves of high voltage in Lead V;; S waves in V5, and inverted T waves in Leads II, III, aVr, 
and the right precordial leads. The electrocardiogram indicated marked right ventricular hyper- 
trophy. The potential recorded with the electrode in the upper part of the right auricle (Fig. 2,4) 
revealed deep, negative P waves with slight variations in certain complexes which showed a small 
initial positive deflection (Pas and Prs)* and marked elevation of the P-R segment. The ven- 
tricular complexes were essentially positive, being preceded by a small Q wave (qR); the T waves 


Fig. 2.—Case 1. W.R A, Intracavity potential of the right auricle; B, right intraventricular 
lead; C, esophageal lead at auricular level: D, esophageal lead at ventricular level. 


*According to Hecht’s? terminology which is followed in this paper. 
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were inverted. In leads from the right ventricular cavity (Fig. 2,B), the auricular deflection 
was diphasic (Pas) and the QRS complex was notched and essentially negative. The RS-T 
egment showed positive displacement and the T waves were upright. The esophageal lead at 
the auricular level, E40 (Fig. 2,C), revealed intrinsic deflections of the P waves, ventricular com- 
plexes of the QR type, and positive T waves. At the ventricular level, E45 (Fig. 2,D), the P 
waves were positive while the QRS complexes were of the RS type with a predominant negative 


phase and positive T waves. 


Fig. 3.—Case 2. A. P. C., a 21-year-old woman with mitral stenosis. The electrocardiogram 
taken on Nov. 22, 1947, shows signs of marked right ventricular and left auricular hypertrophy, in 
addition to digitalis effects. The previous tracing taken April 26, 1945, is not outside normal limits. 


Cask 2.—A. P. C., a 21-year-old white woman, was first seen by us in 1944, with mitral stenosis, 
a past history of rheumatic fever, and several episodes of cardiac decompensation. The electro- 
cardiogram taken on Nov. 22, 1947 (Fig. 3), showed marked right ventricular hypertrophy, 
P waves of high voltage in Leads I and II, and RST-T changes attributed to digitalis. A previous 
record (April 26, 1945) was not far outside normal limits. The intracavity potential registered at 
the midauricular level (Fig. 4,4) showed diphasic P waves (Prs) of high voltage, slight upward 
displacement of the P-R segment, essentially negative ventricular complexes (rS), and upright 
T waves. With the catheter in the right branch of the pulmonary artery (Fig. 4,8) auricular 
deflections were of the Pqrg type and ventricular complexes were of the rSr’ type with a positive 
displacement of the RS-T segment. Esophageal potentials at various auricular levels (Fig. 
4,C, D, and E) revealed negative P waves at the upper part of the left auricle, diphasic deflections 
at the midauricular position (E30), and upright P waves at the lower level (E35). The QRS 
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complexes corresponding to Positions E25, E30, and E35 were essentially negative (Qr) at the tw 
upper levels and of the qR type with the electrode in the lower position. Upright P wave 
waves showing no evidence of intrinsic deflections, as well as positive QRS complexes, were ob 


served at the ventricular level E40. 


$ $ 


Fig. 4.—-Same case asin Fig. 3. Unipolarleadsfrom: A, right auricular cavity; B, right ventricu- 
lar cavity. C, D, and E represent esophageal leads at three auricular levels. F, Esophageal lead at 
ventricular level. 


Case 3.*—N. A. P., a 37-year-old man with a history of chronic bronchitis since early youth, 
was admitted to the hospital with signs and symptoms of predominantly right heart failure of 
one month's duration. Roentgen examination on admission revealed marked enlargement of 
the right auricle and ventricle, in addition to a prominent pulmonary conus. The electrocardio- 
gram taken on Aug. 11, 1947 (Fig. 5), showed marked right axis deviation (+150°), prominent 
P waves in Leads II and III, and R waves present in the unipolar right arm lead. The precordial 
leads were atypical,® with absent R waves on the right side of the precordium and S waves present 
in Lead V.._ Fig. 6 represents serial esophageal leads as well as the intracavity potentials. With 
the exploring electrode in the superior vena cava (Fig. 6,4), the P waves were negative, whereas 
the ventricular complex was essentially positive and of the rsR type with inverted T waves. 
With the electrode in the upper part of the right auricle (Fig. 6,B), the P waves were negative 
(Pgs) with upward displacement of the P-R segment, R waves of high voltage were preceded by 
a small initial negative deflection (qR), and the T waves were inverted. The right intraven- 


*This case and the following case as well have been previously reported.’ 
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tricular potential showed predominantly positive, diphasic P waves (plus-minus), deep negative 
ventricular complexes of the QS type, and marked elevation of the RS-T segment. The poten- 
tials obtained with the exploring electrode in the pulmonary conus and right branch of the pul- 
monary artery showed a similar configuration (Fig. 6,D and £). The P waves were negative; 
M-shaped QRS complexes with slight variations in amplitude of certain deflections and with 
negative T waves were observed. Esophageal leads at the auricular level (E30) are represented 
in Fig. 6. The auricular complexes showed an intrinsic deflection and QRS complexes of the 
qR type. At the ventricular level (E50), P waves were upright and showed no evidence of in- 
trinsic deflections. The QRS complexes displayed an RS configuration and the T waves were 


negative. 


Fig. 5.—Case 3. N. A. P., a 37-year-old man with chronic cor pulmonale. Right axis deviation 
(+150°); ‘\pulmonary”’ P waves. Absent R waves on the right side of the precordium, with S waves 
on the left. The electrocardiogram shows signs of right ventricular hypertrophy with atypical pre- 
cordial leads. 


Case 4.—J. A. A., a 54-year-old man with interventricular septal defect, had suffered with 
bronchial asthma since childhood. The patient had had several hospital admissions since 1943 
because of right heart failure, which had improved with treatment, and paroxysms of auricular 
tachycardia with 2:1 A-V block. Roentgen examination revealed emphysema and moderate 
left ventricular hypertrophy, in addition to marked enlargement of the right auricle and ven- 
tricle. The tracing taken on Dec. 19, 1946 (Fig. 7), showed low voltage of the QRS complex 
with right axis deviation, prominent P waves in Leads II and III, absent R waves in Leads V, 
to V4, and S waves in Lead V,. This atypical precordial pattern has been described in right 
ventricular hypertrophy. The records presented in Fig. 8 were taken during a paroxysm of 
auricular tachycardia with A-V block and showed prominent P waves in Lead CR,. The in- 
tracavity potential of the upper part of the right auricle (A) showed deep negative P waves 
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(Pgs and Prg), and ventricular QRS complexes of low voltage with an rs configuration. At the 
lower auricular level (Fig. 8,B) P waves were of the Prsp’ type, ventricular complexes assumed 
an rS configuration, and T waves were negative. The right intraventricular lead (Fig. 8,C 
was similar to the potential obtained at the lower part of the auricle. With the exploring elec 
trode in the pulmonary conus (Fig. 8,D), the P waves were essentially negative and the QRS 
complexes were diphasic and of the RS type. Esophageal Lead E40, taken during a paroxysm 
of auricular tachycardia, showed positive QRS complexes, inverted T waves, and depression of 
the RS-T segment attributed to digitalis. It is assumed that the exploring electrode was at the 
ventricular level, although the shape of the P wave cannot be relied upon to determine the posi- 


tion of the electrode because of the ectopic rhythm. 


Fig. 6.—Same case as in Fig. 5. Intracavity and esophageal leads. Unipolar tracings from: 
A, superior vena cava; B, high auricular level; C, right ventricular cavity; D, pulmonary conus; E, 
right branch of the pulmonary artery; and F, esophageal leads at auricular level (E30) and ventricular 
level (E50). 


Case 5.—I. E., a 36-year-old white woman, gave a history of bron¢hitis since infancy and 
symptoms of congestive heart failure of two months’ duration. Physical examination showed 
an emphysematous chest, cyanosis of the extremities, and clubbing of the fingers, in addition toa 
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palpable liver, edema, and marked engorgement of the jugular veins. The electrocardiogram 
made on Oct. 16, 1947 (Fig. 9), showed a typical configuration of right ventricular hypertrophy, 
in addition to prominent P waves in Leads II and III. Intracavity and esophageal leads are 
shown in Fig. 10. The upper intra-auricular lead displayed deep negative P waves with upward 
displacement of the P-R segment and the QRS complexes showed R waves of high voltage pre- 
ceded by a small negative deflection (qR). At the midauricular level (B), P waves were variable 
in configuration, probably because of slight changes in the position of the exploring electrode, 


Fig. 7.—Case 4. J. A. A., a 54-year-old man with interventricular septal defect and chronic cor 
pulmonale. The electrocardiogram reveals right ventricular hypertrophy with atypical precordial 
leads. 


and the QRS complexes were similar to those recorded at the higher level. The right intra- 
ventricular potential (C) showed positive P waves and QRS complexes of the QR type, with a 
deep initial negative deflection followed by an R wave. The electrocardiogram taken with the 
exploring electrode in the suprahepatic vein revealed negative P waves of low voltage and ven- 
tricular deflections of the qR type. The esophageal lead made at a high auricular level (E25) 
revealed W-shaped P waves, QRS complexes of the rSR type, and upright T waves. At a lower 
auricular level (E30) prominent positive P waves were observed and the ventricular complexes 
showed a qR configuration. At the ventricular level (E40), P waves were positive and QRS 
complexes were diphasic (rS) with inverted T waves. 
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Fig. 8.—Same case as in Fig. 7. Tracings taken during paroxysmal supraventricular tachycardia 
with 2:1 A-V block. A, Intra-auricular lead at high level; B, low auricular level; C, right intraven- 
tricular potential; D, intraventricular lead at the pulmonary conus. 
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Fig. 9.—Case 5. I. E., a 36-year-old woman with chronic cor pulmonale. The electrocardiogram 
shows right ventricular hypertrophy with ‘‘pulmonary"’ F waves. 


Fig. 10.—Same case as in Fig. 9. Intracavity leads taken from A, high auricular level; B, 
mid-auricular level; C, right ventricular cavity; D, suprahepatic vein. The three lower tracings rep- 
resent esophageal leads. 
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DISCUSSION 


The study of intracavity potentials has contributed to a better understanding 
of the fundamental concepts of electrocardiography. To some extent this has 
been accomplished by theoretical consideration and to some extent by experi- 
mental evidence. 

A comparative study of intracardiac leads in man and the dog has recently 
been carried out by Sodi-Pallares and his associates.‘ These authors, as well as 
Battro and Bidoggia,* have described the configuration of intracavity tracings 
in normal individuals. The shape of the P waves and QRS complexes is subject 
to great variation, according to the position of the exploring electrode at different 
levels. Thus, P waves are essentially negative (Pgs) in the upper part of the 
right auricle near the sinus node and in the superior vena cava. At midauricular 
levels, the P waves are diphasic, and at lower levels the auricular complexes 
assume an essentially positive configuration (Pps). The tracings obtained 
with the electrode in the right ventricular cavity show positive P waves of low 
voltage. The ventricular complexes recorded in the intra-auricular leads are 
always predominantly negative; they are of the Qr and Qrs type at upper and 
midauricular levels and usually of the rSr’ and rS type at lower levels. In 
cases of right bundle branch block and right ventricular hypertrophy, intra- 
auricular tracings reveal an increase in voltage of the late R wave (Qr, Qrs, or 
rSr’). It has been assumed that this deflection represents the late activation 
of certain portions of the right ventricle. The QRS complexes obtained with 
the electrode in the right ventricular cavity are usually of the rS type. The 
initial positive deflection (r) has been attributed by Sodi-Pallares‘ to septal activa- 
tion. Table I represents a summary of the configuration of auricular and ven- 
tricular deflections in intracavity and esophageal leads obtained in a study 
of five cases of marked right ventricular hypertrophy. 


Auricular Complex.—The shape of the P wave in tracings made at the various 
intra-auricular levels was similar to the normal, although of higher voltage in 
Cases 1 and 3. Slight changes in the configuration of the P wave were occa- 
sionally observed in successive auricular complexes and attributed to variations 
in the position of the exploring electrode (Figs. 2,4 and 8,A). In Cases 3, 4, 
and 5 (Figs. 6,B, 8,A, and 10,A), the auricular complexes were slurred and 
notched. In Case 4 essentially negative P waves (P,S,) were present at low 
auricular levels (Fig. 8,B), as opposed to the positive deflections which are usu- 
ally observed at these levels. This unusual finding was probably due to the pres- 
ence of an ectopic rhythm (paroxysmal auricular tachycardia). A similar ex- 
planation may be offered in the same case for the presence of predominantly 
negative P waves in the leads from the right ventricular cavity, since in all other 
patients tracings made at this level showed upright P waves, such as are observed 
in normal tracings. With the exploring electrode in the pulmonary conus and 
in the right branch of the pulmonary artery (Figs. 4,B and 6,£), essentially 
negative P waves were obtained. This configuration is probably due to the direc- 
tion of the wave of excitation, which is such that the wave is away from the ex- 
ploring electrode when it is situated at these points. The same configuration 
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also was observed when the electrode was placed in the superior vena cava (Fig. 
6,4). Negative P waves were found when the electrode was placed in the supra- 
hepatic vein, which is situated at a lower level but far to the right of the sinus 
pacemaker. With the exception of Case 4, all patients showed an elevation of the 
P-R segment at auricular levels, possibly because of contact of the exploring elec- 
trode with the endocardial surface of the right atrium. 


Ventricular Complexes.—The QRS complexes obtained by placing the elec- 
trode in the right auricular cavity were essentially positive in three patients 
(Cases 1, 3, and 4). These complexes displayed a similar configuration to that 
described by Sodi-Pallares‘ in right ventricular hypertrophy. However, in the 
remaining two patients (Cases 2 and 5) this was not observed, since predominantly 
negative deflections were recorded in the intra-auricular lead (Figs. 4,A, 8,A, 
and 8,B). In leads obtained from within the right ventricular cavity, only one 
patient (Fig. 8,C) showed an initial positive deflection ascribed to septal activa- 
tion. This deflection was also present and of higher voltage in the region of the 
pulmonary conus (Fig. 8,D). All other patients displayed initial negativity 
of the QRS complexes (QS and QR) in the intraventricular lead. The potential 
of the pulmonary conus showed an initial positive deflection in Cases 3 and 4. 
In Case 4 an early R wave (r) was also found in the right ventricular cavity, 
whereas in Case 2 this deflection was present only in leads obtained from the 
region of the pulmonary conus. With the electrode in the right branch of the 
pulmonary artery, Cases 2 and 3 showed predominantly negative QRS complexes 
with a small initial R wave (r). The configuration of the ventricular complex 
in leads from the superior vena cava was of the rsR’ type in Case 3 and the con- 
figuration in leads from the suprahepatic vein was of the qR type in Case 5. 
In Cases 1, 3, and 5, upward displacement of the RS-T segment was observed 
in the right ventricular cavity leads. This may be attributed to subendocardial 
current of injury caused by contact of the exploring electrode with the inner 
surface of the right ventricle. 


Esophageal Leads.—The esophageal leads taken in these patients were of 
interest and yielded certain data which deserve to be analyzed in this study. 
Thus, we were able to confirm the observations of Battro and Bidoggia® regarding 
the similarity in configuration of the QRS complexes in right intra-auricular 
leads to that of the esophageal potentials at auricular levels. This similarity 
was noted in all of our patients, particularly in Cases 1 and 3, as can be seen in 
Fig. 2 (compare the QRS complex in A and C) and Fig. 6 (compare B and £30). 
Occasional differences in amplitude were observed (Fig. 6). As we have previ- 
ously mentioned, predominantly positive QRS complexes were found by Sodi- 
Pallares‘ in the right intra-auricular lead in cases of right ventricular hyper- 
trophy. This was observed in three of our patients (Cases 1, 3, and 5), in all 
of whom the esophageal leads obtained at auricular levels revealed QRS com- 
plexes of a similar configuration. In the remaining two patients (Cases 2 and 4) 
the intra-auricular and esophageal leads were comparable, and did not show the 
predominance of positive deflections described by Sodi-Pallares. On the basis 
of these findings we were able to establish a certain correlation between the 
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QRS complexes in right intra-auricular leads and in esophageal leads obtained 
at the auricular level in cases of right ventricular hypertrophy. These findings 
confirm the views of Battro and Bidoggia* in normal individuals. 


Comparative Study of Lead aVy With Esophageal and Intracavity Potentials: 
The unipolar lead of the right arm is normally characterized by essentially nega- 
tive deflections, as a result of the transmission of the negativity of the ven- 
tricular cavities through the valvular orifices at the base of the heart, to the right 
shoulder and right arm. However, the potential variations of this extremity 
do not correspond exclusively to cavity potentials, but most likely represent an 
association of the latter with potential variations of other regions, particularly 
those of the free wall of the right ventricle. It may be difficult at times to de- 
termine the relative contribution of each one of these potentials to the configura- 
tion of Lead aVr. In cases of right ventricular hypertrophy and right bundle 
branch block, ventricular complexes of the QR or qR type are usually observed 
in this lead. The R waves are due either to late activation of certain portions 
of the right ventricle (hypertrophy) or to late activation of the epicardial surface 
(bundle branch block). A definite similarity in the configuration of QRS com- 
plexes was observed in the comparative study of Lead aVx with auricular esopha- 
geal and right intra-auricular potentials. In Cases 1, 3, and 5, a positive deflec- 
tion preceded by a Q wave was present in Lead aVkr and was also found in the 
esophageal and intra-auricular leads (Figs. 1, 5, and 9, compared with Figs. 2, 6, 
and 10). In Cases 2 and 4, Lead aVg showed small R waves (r) with a similar 
configuration in esophageal and intra-auricular leads (Figs. 3 and 7, compared 
with Figs. 4 and 8, respectively). Since in cases of right ventricular hypertrophy 
the QRS complex in the intra-auricular lead is essentially positive, it is evident 
that this configuration is not due exclusively to the transmission of the intra- 
ventricular potential which is predominantly negative (with the exception of 
Case 5, Fig. 10, in which a QR type of deflection was recorded in the right ven- 
tricular cavity). Thus, it seems likely that the positive deflection obtained in 
the intra-auricular lead, as well as in Lead aVkg, and in the esophageal lead at 
the auricular level, is due to the late activation of certain portions of the free 
wall of the enlarged right ventricle. 


SUMMARY 


Intracavity potentials obtained by heart catheterization were studied in 
five patients with right ventricular hypertrophy, including three patients with 
chronic cor pulmonale (one associated with interventricular septal defect), 
one patient with mitral stenosis, and one with the tetralogy of Fallot. Esopha- 
geal leads, as well as standard, precordial, and unipolar limb leads, were taken in 
all patients. A comparative study of the esophageal leads made at auricular 
levels, intra-auricular potentials, and Lead aVp revealed a definite similarity in 
the configuration of the QRS complexes. 

A preponderance of positive deflections in the intra-auricular lead was ob- 
served in three patients, whereas essentially negative deflections were noted in 
two patients, in both of whom there was similarity in the configuration of the 
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esophageal auricular lead and the unipolar lead of the right arm. The intra- 
cavity potential of the right ventricle revealed a tall R wave preceded by a 
deep negative deflection (QR) only in one patient. An explanation for this 
finding has not been attempted. In the remaining four patients, the intra- 
ventricular lead revealed essentially negative QRS complexes. Thus, in these 
patients the tall R waves found in the intra-auricular lead do not represent the 
potential variations of the right ventricular cavity, and are probably due to the 
late activation of certain portions of the free wall of the enlarged right ventricle. 


We are deeply indebted to Dr. J. Bergstein, Department of Radiology, and to Dr. Humberto 
Barreto, Department of Surgery, for their invaluable cooperation and assistance in the present 
study. 
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Clinical Reports 


THE ELECTROCARDIOGRAM IN FAMILIAL PERIODIC PARALYSIS 


HAROLD N. PERELSON, M.D., AND Ricuarp S. Cossy, M.D. 


Los ANGELES, CALIF. 


AMILIAL periodic paralysis is a rare disease which was described by 

Cavare in 1853. The disease is characterized by recurrent attacks of quad- 
riplegia which usually occur at night and are associated with a low level of serum 
potassium. The administration of potassium salts hastens recovery from the 
attack. The clinical aspects of the cases to be reported form the material of a 
separate communication. It is our purpose here to report the electrocardio- 
graphic findings in two cases of familial periodic paralysis, to discuss their diag- 
nostic value, and to consider the significance of high and low levels of serum 
potassium in certain abnormal clinical states. 


Observations concerning the role of hyperpotassemia will be considered 
first. Keith, Burchell, and Bagenstoss' observed that high levels of serum 
potassium were associated with characteristic electrocardiographic changes, and 
stated, ‘‘Among normal persons, induced mild hyperpotassemia causes increased 
height of the T waves, and the degree of increase (of serum potassium) correlates 
well with the height of the T waves.’ Frequently this change is quite distinc- 
tive in that the base of the T wave becomes narrower than normal, and the 
apex sharp or peaked. With greater increases in the serum potassium level, 
partial A-V block and intraventricular block may develop. Rather similar 
findings were obtained in dogs by Winkler, Hoff, and Smith.2 Following the 
intravenous injection of potassium chloride in isotonic solution, a marked in- 
crease in the height of the T wave was noted as the first electrocardiographic 
change; with progressive hyperpotassemia, depression of the RS-T segment, 
later intraventricular block, still later disappearance of P waves, and finally 
cardiac arrest occurred. Sharpey-Schafer* showed a rise of the T wave follow- 
ing the administration of potassium in cases of myxedema. In these patients 
the potassium levels were normal and there was no relationship implied between 
the effect of potassium and the similar effect of thyroid hormone in elevating 
the T waves. In renal insufficiency high levels of serum potassium may be 
present. Keith and his co-workers' reported electrocardiographic observations 
in three such instances and noted particularly the development of intraventricu- 
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lar block, later prolonged A-V conduction time, and finally disappearance of 
the T waves. They drew a close comparison of their results with those of 
Winkler, Hoff, and Smith.2. Observing no uniform increase in the height of the 
T wave, they attributed this lack to the presence of uremic pericarditis. It is 
clear, then, that the effects of hyperpotassemia on the electrocardiogram are 
prolongation of the A-V conduction time, intraventricular block, and depression 
of the RS-T segment. The T wave is increased in height and peaked, though 
it may be low or inverted in association with uremic pericarditis. 

A low level of serum potassium, on the other hand, has been correlated 
with electrocardiographic changes in familial periodic paralysis, diabetic aci- 
dosis, chronic nephritis, and in overactivity of the adrenal cortex. Stewart, 
Smith, and Milhorat* were the first to report a case of familial periodic paraly- 
sis in which serial tracings taken during an attack were correlated with serum 
potassium levels. They reported prolongation of the P-R interval, intraven- 
tricular block, prolongation of the Q-T interval, alteration in the form of RS-T 
segments, and a decrease in the amplitude of the T waves. It should be pointed 
out that certain findings, namely, increase in the P-R interval and prolongation 
of intraventricular conduction, are common to both high and low serum po- 
tassium levels, whereas the height of the T wave is elevated in hyperpotassemia 
and depressed in hypopotassemia. Stoll and Nisnewitz® reported a marked in- 
crease in the A-V conduction time and a flattening of the T wave during an 
attack in a case of familial periodic paralysis. They demonstrated that the 
conduction defect returned to normal upon recovery, and believed that there 
was increased vagal tone during the attack. Brown and his associates’ have 
reported three cases of muscular paralysis of the sporadic type, associated with 
low serum potassium levels, in which there was increased excretion of urinary 
potassium secondary to renal disease. Two of these cases were defined as 
chronic nephritis. In each instance there was a low to isoelectric T wave dur- 
ing the attack, with a slight depression of the RS-T segment. In one case there 
was a partial A-V block with an associated Wenckebach phenomenon. In one 
case the Q-T interval was found to be prolonged. Martin and Wartman® have 
recently completed an excellent study of the electrolyte pattern of diabetic 
acidosis in relationship to electrocardiographic changes. They observed a high 
degree of correlation between low T waves and low serum potassium levels, but 
were unable to see a relationship between low levels of serum potassium and 
prolonged Q-T intervals. They particularly emphasized the very low serum 
potassium in diabetic acidosis as the most striking of the electrolyte changes 
noted, but were unwilling to attribute the abnormal electrocardiographic pat- 
tern to any specific electrolyte. Holler’ reported a very unusual case of diabetic 
acidosis in which diaphragmatic paralysis developed. During the attack a 
serum potassium level of 9.8 mg. per cent was recorded. An electrocardiogram 
obtained before the administration of potassium chloride disclosed inversion of 
P, and P3; and depression and sagging of the RS-T segment with low T waves in 
Leads I, II, and III. An electrocardiogram taken five days later showed no 
abnormalities. McQuarrie’ pointed out the association of unusually low serum 
potassium with low to isoelectric T waves and overactivity of the adrenal cor- 
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tex. In states accompanied by low serum potassium, A-V block and depression 
of the RS-T segments appear just as in hyperpotassemia, but in contrast, the 
T waves are low and the Q-T interval is usually prolonged. 


CASE STUDIES 


In the following two cases of familial periodic paralysis, electrocardiographic 
findings are correlated with the level of serum potassium. 


Case 1.—W. W., a 25-year-old white man, was admitted to the Cedars of Lebanon Hospital 
on Feb. 6, 1941, during an attack of familial periodic paralysis. Electrocardiographic tracings 
were obtained on this day (Fig. 1). The RS-T segment in Lead I showed a moderate degree of 
sagging and the RS-T take-off in Leads II and III was depressed. In Lead CF, the RS-T take-off 
was depressed and there was marked sagging of the RS-T segment. The Q-T interval was found 
to be 0.6 second, which, with a heart rate of 75 per minute, indicated marked prolongation. 
A serum potassium level done on Feb. 7, 1941, at 10:45 A.M. was 13 mg. per 100 cubic centimeters. 
A tracing taken on Feb. 8, 1941, showed a return to normal, the Q-T interval measuring 0.4 at 
at a rate of 60 beats per minute. The T wave was elevated and the base narrowed, as compared 
with the previous tracing. A serum potassium level done on this day was 26.2 mg. per 100 cubic 
centimeters. 


Six years later the patient was admitted to the Los Angeles County General Hospital on the 
night of Sept. 13, 1947, following an altercation, as a result of which he sustained an injury to his 
left eye. On Sept. 14, 1947, the patient underwent surgery under nitrous oxide and intravenous 
sodium pentothal anesthesia, following which he developed an attack of quadriplegia which 
had its onset at about 7:00 P.M. that night. The attack persisted until Sept. 16, 1947. A blood 
specimen taken on the evening of Sept. 14, 1947, disclosed the serum potassium, as done by the 
chloroplatinate method of ‘Tenery and Anderson,’ to be 11.1 mg. per 100 cubic centimeters.* The 
reported level in this particular specimen may have been higher than the actual level, since there 
was a blood clot in the specimen. An electrocardiographic tracing was made on Sept. 15, 1947, 
at 10:00 a.m. (Fig. 2, A). Ata heart rate of 67 per minute, the Q-T interval was found to be 
0.6 second in the classical leads and 0.7 in Lead CF;. The T waves were grossly abnormal, in that 
they showed a smooth, rounded contour with practically symmetrical ascending and descending 
limbs. The RS-T segments were depressed in all leads. The serum potassium at 11:00 A.M. was 
found to be 7.8 milligrams. At 3:30 p.m. the same day the blood level was found to be 6.3 milli- 
grams. Inasmuch as the serum potassium level was considered to be dangerously low, 1.0 Gm. of 
potassium chloride was given intravenously immediately and 1.0 Gm. given orally four times daily. 
An electrocardiogram taken at 4:00 p.m. (Fig. 2, B) disclosed a Q-T interval of 0.6 second with a 
heart rate of 75 in the classical leads. There was essentially no change from the previous tracing 
except that a low, broad T wave was observed in Lead III and a lowering of the T wave was seen 
in Lead CFy. The P waves in CF, were smaller and inverted. <A tracing taken at 11:00 p.m. that 
same day (Fig. 2, C) did not disclose any change from the previous tracing. On Sept. 16, 1947, 
at 8:00 a.m. (Fig. 2, D) the electrocardiogram showed a decided change. At this time the patient 
had made marked recovery from his paralysis. The T waves were lower but showed a double 
positive contour. In the precordial leads the secondary peak of the T wave was very prominent. 
The depressed RS-T take-off was still present in Lead II, but in the other leads the RS-T take- 
off had returned to the isoelectric line and was slightly above the isoelectric line in Lead I. The 
T wave was 1.0 mm. high in Lead II in comparison with a T wave of 3.0 mm. in the tracing taken 
on Sept. 15, 1947, at 10:00 a.m. (Fig. 2, A). A blood study done at 10:20 a.m. on Sept. 16, 1947, 
showed the serum potassium level to be 17.2 mg. per 100 cubic centimeters. The Q-T interval 
was 0.4 second. An electrocardiographic tracing done at 1:00 p.m. on Sept. 16, 1947 (Fig. 2, E), 
showed the Q-T interval to be 0.36 second with a heart rate of 75 per minute. The tracing now 


*Blood chemistry data furnished by Dr. Helen Martin. 
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appeared to be within the normal range; the RS-T segments were no longer depressed and the 
RS-T take-off in the precordial leads was normally elevated. The T waves showed long ascending 
and short, sharp descending limbs and were normally peaked. Unipolar limb leads taken at these 
times (Fig. 3) showed comparable RS-T segment changes and the same dramatic alteration in 
the contour of the T waves. 

CasE 2.—R. S., a 15-year-old white boy, was admitted to the Santa Fe Hospital during an 
attack of familial periodic paralysis. A serum potassium determined on the day of admission 
was 18.2 mg. per 100 cubic centimeters. An electrocardiographic tracing (Fig. 4) taken on Nov. 
13, 1945, at 1:15 p.m. showed slight right axis deviation. U waves were seen in Leads I, II, and 
CF,. The T waves were diphasic in Lead III. A tracing taken four hours later showed the 
T waves to be upright in all leads. The T waves in Lead II were 4.0 mm. high, in contrast to 1.0 
mm. in the first tracing. The T waves were now of normal configuration and the U waves were 
extremely low. A tracing taken on Nov. 14, 1945, at 8:00 A.M. was identical with the tracing 
taken at 5:15 p.M. the previous day. There was no change in the Q-T interval in these tracings. 
The tracings were taken during the terminal portion of the attack and consequently show but 
slight changes from normal. An electrocardiogram taken several weeks after the attack was 
over showed no change from the last tracing. 


DISCUSSION 


As pointed out in the review of the literature, findings in abnormal states 
associated with low serum potassium have been striking but not uniform. Pro- 
longation of the P-R interval, intraventricular block, prolongation of the Q-T 
interval, depression of the RS-T segments, and a decrease in height and change 
in form of the T wave are present. There is evidence that the electrocardio- 
gram in such states has some degree of specificity. Tracings in Case 1 taken 
in separate attacks six years apart showed a remarkable constancy, with trac- 
ings in the interval being normal. Tracings in Case 2, however, showed only 
a nonspecific change in the T waves. 

We should like to add to the group of abnormalities already enumerated 
the appearance of a U wave during the hypopotassemic state. Case 2 shows 
this finding well. In the case reported by Stroll and Nisnewitz,* a tracing taken 
by them on June 23 at 9:33 A.m. showed a U wave in Lead II. Brown and as- 
sociates® called attention to the appearance of a U wave in Lead CF, of one 
of their patients. Though the significance of this finding is not clear, its asso- 
ciation with the other abnormalities of ventricular depolarization and repolari- 
zation is of interest. 

The striking prolongation of the Q-T interval in Case 1 deserves special 
comment. This finding is particularly well shown because of the relative 
bradycardia. The tracings presented by Stewart and associates‘ were taken 
with the photographic paper moving at a more rapid speed and showed a lesser 
degree of prolongation. The unusual contour of the T wave is associated with 
the prolongation of the Q-T interval. Unipolar limb leads in familial periodic 
paralysis, not previously reported, are shown in Fig. 3 and emphasize this 
point. Q-T changes in Lead aV, seem almost insignificant but are marked in 
Lead aVy where the Q-T interval is considerably longer and is associated with 
increased height of the T wave. 

Finally it might be worth while to consider whether or not there is any 
degree of specificity in the electrocardiogram in hypopotassemia. Common 
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to the small number of tracings so far reported are prolonged conduction times 
and changes associated with cardiac depolarization and repolarization. Pro- 
longation of the P-R interval, intraventricular block, and RST-T abnormalities 
occur, but with no uniformity from patient to patient. Sequential changes 
dependent on the level of serum potassium are correlated in one of the cases 
which we are reporting. The findings which appear to us most characteristic 
of hypopotassemia are prolongation of the Q-T interval, depression of the 
RS-T segment, and low, rounded T waves. 


CONCLUSIONS 


1. Two cases of familial periodic paralysis are reported and the electro- 
cardiographic findings correlated with low levels of serum potassium. 


2. Prolongation of the P-R interval, intraventricular block, depression of 
the RS-T segments, lowering and change in form of the T waves, <nd prolonga- 
tion of the Q-T interval may all be present in hypopotassemic states and repre- 
sent profound changes in conduction, depolarization, and repolarization in 
cardiac muscle. 

3. Prominent U waves associated with low serum potassium may be ob- 
served in familial periodic paralysis. 


4. There appears to be a characteristic change in the electrocardiogram 
in familial periodic paralysis during an attack consisting of depression of the 
RS-T segments, a marked prolongation of the Q-T interval, and lowering and 
rounding of the T waves. This combination is a rare electrocardiographic find- 
ing. In contrast to the other hypopotassemic states, the electrocardiographic 
changes are spontaneous, transitory, and reversible. 
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COMPLETE HEART BLOCK COMPLICATING PREGNANCY 


WALTER T. ZIMDAHL, Captain, M. C., A. U. S., AND EpwWArpD A. 
ZIMMERMANN, LIEUTENANT COLONEL, M. C., U.S. A. 


Fort SAM Houston, TEXAS 


NSTANCES of varying degree of auriculoventricular heart block are not 

uncommon, but complete heart block as a complication of pregnancy is 
rare and justifies individual case reports. In 1938 Jensen' was able to collect 
only fourteen cases from the literature. One of the most interesting of these 
reported cases was presented by Herrmann and King.? Their patient had had 
complete A-V heart block since the age of 20 years and had had six successful, 
uncomplicated deliveries. Diddle* in 1941 added another case. Hamilton‘ 
encountered only two cases in an experience of twenty years. In 1943 Mitchell 
found only one instance at Kings County Hospital in 17,862 deliveries. This 
occurred in a patient who apparently had a patent interventricular septal de- 
fect. In 1946 Quintin reported a patient with complete A-V block who had 
had two pregnancies which terminated in normal deliveries. Recently East- 
man’ reported his observations on a 36-year-old patient, eight weeks preg- 
nant, with complete heart block, who had had eleven attacks of unconsciousness 
in the previous two years. No etiological factors could be established, but 
evidence indicated that the heart had been normal before the first Stokes- 
Adams attack two years prior to the admission. Therapeutic abortion was 
performed chiefly because of the numerous Stokes-Adams seizures and strong 
evidence of a very low cardiac functional reserve. 

Complete heart block is comparatively rare, even in a general series of 
patients with cardiac signs and symptoms. White* found only seventy-nine 
such patients in 10,000 cases between the years of 1916 and 1930 at the Mas- 
sachusetts General Hospital. 

We wish to report an additional case in which a pregnancy terminated 
successfully in a normal delivery. The etiology in this case was not apparent, 
but a previous probable rheumatic fever seemed the most likely causative 


factor. 


CASE REPORT 


On Oct. 25, 1946, a 38-year-old patient came to the Obstetrical Clinic for an initial prenatal 
examination. Her last normal menstrual period had occurred on March 30, 1946. Her previous 
personal history was negative, with the exception of the following: an unexplained, undiagnosed, 
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febrile condition with temperature ranging from 99°F. to 101.5°F. daily, which lasted four months, 
had occurred at the age of 18 years, while the patient was a student at college. There was no 
history of epistaxis, joint pains, or swelling during, or subsequent to, this febrile period. The 
patient taught school for thirteen years following graduation, during which time she felt well. 
In 1941 she had a sore throat with high fever. One previous normal pregnancy occurred in 1942. 
The post-partum course was uneventful. Following this pregnancy, the patient felt well until 
approximately two years before the onset of the present -pregnancy. At that time she noticed 
symptoms of shortness of breath, palpitation, easy fatigability, and a feeling of tiredness upon 
ordinary exertion. This was not accompanied by anginal pain. These symptoms persisted and 
increased gradually in intensity until the pregnancy in which we studied her developed. 

On Oct. 25, 1946, physical examination revealed an intelligent, slightly apprehensive, well- 
developed, well-nourished white woman. The thyroid gland was slightly enlarged and sym- 
metrical. The heart was enlarged slightly to the left by percussion. No definite thrill was felt. 
Auscultation revealed a Grade 3, prolonged, harsh systolic murmur at the apex of the heart 
which was transmitted to the left axilla. The first sound at the apex varied in intensity and 
character. The second pulmonic sound was loud and greater than the second aortic sound. 
The radial pulse rate was 52 per minute. The blood pressure was 128/70. There was no peri- 
pheral edema. 

Laboratory findings were normal. Chest x-ray and fluoroscopic examinations showed a 
prominent pulmonary conus and cardiac enlargement. 

The electrocardiogram made on Oct. 30, 1946, showed a ventricular rate of 46 and an auricu- 
lar rate of 75 per minute (Fig. 1). Complete A-V dissociation was present. A second electro- 
cardiogram, Nov. 15, 1946, showed similar findings. 


III 


CFIV 


Fig. 1 Shows the electrocardiogram, Leads I, II, III, CFy, and CF;. The ventricular rate is 46 and 
the auricular rate is 75 beats per minute. 
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The patient's ordinary physical activities were ordered to be moderately restricted and the 
more strenous habitual efforts were to be discontinued. 

The patient was admitted to the hospital to enable closer observation and management 
three weeks prior to the anticipated date of delivery. The pulse rate was 54 beats per minute. 
The blood pressure was 140/80. Heart findings were unchanged on physical and electrocardio- 
graphic examinations. After five days in the hospital, the patient stated that she felt considerably 


better. 

The onset of labor was spontaneous. Continuous caudal procaine anesthesia, using the nylon 
catheter technique, was instituted. Two hours later a living, full-term, normal, female infant, 
weighing 7 pounds and 8 ounces, was delivered from a plus three station, by low forceps, after 
a median episiotomy. 

Blood pressure, respiratory rate, and pulse rate remained constant throughout the delivery. 
No dyspnea, orthopnea, shock, pulmonary edema, or dependent edema occurred in the immediate, 
early, or late postpartum period. After twenty-four hours the patient was permitted to walk. 
She experienced a completely normal and uneventful recovery. 

The electrocardiogram on Jan. 8, 1947, showed a ventricular rate of 47 and an auricular rate 
of 72 beats per minute, with persistence of a complete A-V block. Her basal metabolic rate was 
+4 per cent. Physical examination of the heart revealed no change. 

On Feb. 17, 1948, the patient was seen after one year and was feeling well but conscious of 
slight shortness of breath on exertion. The cardiac findings were unchanged, as was the electro- 
cardiographic picture. 


DISCUSSION 


Experience with this case, in addition to that reported by others, suggests 
that complete heart bock, in the absence of symptoms or important complica- 
tions, is not a contraindication to pregnancy, but the occurrence of Adams- 
Stokes attacks raises a serious question. Patients with heart block and preg- 
nancy should, however, be evaluated frequently by the obstetrician and the 
cardiologist. Electrocardiographic studies should be made frequently.  Car- 
diac decompensation should be treated immediately and termination of preg- 
nancy considered. Evidence of a changing block would indicate a_ graver 
prognosis. The insurance of sufficient mental and physical rest, and avoidance 
of overexertion, fatigue, and cardiac decompensation as far as possible are con- 
sidered mandatory for the proper conduct of such a case. The patient must be 
thoroughly instructed and impressed with the necessity of adequate prophylaxis 
and treatment of all respiratory infections. Prolonged exhaustive labor should 
not be permitted. 


SUMMARY 


1. The case history of a pregnant woman with complete A-V heart block 
has been presented. 
2. The pregnancy and delivery were normal and uneventful. 


ADDENDUM 


Since this paper has been submitted for publication, two additional cases of complete heart 
block in pregnancy have been reported, making, with this presentation, a total of twenty-nine 


patients. 
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PAROXYSMAL TACHYCARDIA WITH A VENTRICULAR RATE 
. OF 365 PER MINUTE 


JaAcos J. SILVERMAN, M.D., AND Oscar M. Race, M.D. 


STATEN ISLAND, N. Y. 


AROXYSMAL tachycardia is a well-known clinical entity. Depending on 

the site of origin, several different types of paroxysmal tachycardia have 
been classified. The differential diagnosis can be suspected clinically, but is 
established with certainty only from the electrocardiogram. It is of practical 
importance to establish the correct diagnosis since paroxy.mal tachycardias 
are usually amenable to treatment and proper therapy may be life saving at 
times. The most common type is auricular tachycardia. In this condition, 
the heart rate is usually between 160 and 180 and rarely above 200 per minute. 
In infants, however, an extraordinarily rapid rate may be encountered,‘ and in- 
stances of rates of over 300 per minute have been recorded. We have recently 
encountered an infant with a supraventricular type of tachycardia in whom a 
ventricular rate of 365 per minute was demonstrated. As far as we can learn, 
this is the fastest human ventricular rate ever recorded. The diagnosis was not 
established until late in the illness. The importance of suspecting this condition 
is emphasized by the tragic outcome of our case. 


CASE REPORT 


M. T., a 5-week-old girl, was admitted to the Staten Island Hospital on Sept. 30, 1947. She 
was born on Aug. 21; 1947, full-term, without complications. Her health was excellent until ten 
days before admission when her mother observed episodes of respiratory difficulty lasting for an 
average of thirty minutes. During one of these attacks a local physician was summoned and ‘‘a 
rapid heart rate’’ was noted. The exact rate, however, was not recorded and no definite diag- 
nosis was expressed. Between attacks the child was examined by her family doctor and she 
seemed perfectly normal. Because the attacks seemed to be related to feeding, a change of for- 
mula was advised. On the date of admission she again experienced one of her attacks of res- 
piratory distress and within a short time was admitted to the hospital. 

On admission the most striking features were the rapid, labored respiration, cyanosis, and 
a distended abdomer,. The temperature was 97.4° Fahrenheit. The chest and lungs were 
normal to auscultation and percussion. The heart sounds were observed by the admitting 
physician to be “rapid and regular."”, No murmurs were heard. Because of the rapid type of 
respiration, the examination of the heart was not considered satisfactory and the significance 
of the tachycardia was dismissed. The liver and spleen seemed to be slightly enlarged. The 
neurological examination disclosed no abnorinalities. The lips and fingernail beds were definitely 
cyanotic. 
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The red cell count was 4.5 million and the hemoglobin measured 85 per cent (Sahli). The 
white blood cells were 19,700, of which 31 per cent were neutrophiles and 69 per cent lymphocytes. 
There were 21 normoblasts per 100 white cells and the red blood cells showed some anisocytosis 
and poikilocytosis. A roentgenogram of the chest (Fig. 1) demonstrated some increased lung 
markings, and a diagnosis of bronchopneumonia was reported by the roentgenologist. The 
child was given 5,000 units of penicillin intramuscularly every three hours and continuous oxygen 
was administered. Her color improved, but the respirations were still rapid and labored. 


Fig. 1.—-Roentgenogram of the chest taken on day of admission 


The next day her temperature rose to 101° Fahrenheit. The liver was now definitely en- 
larged and there were many moist rales throughout both lungs. Because of the lack of response 
to therapy and obvious signs of congestive heart failure, attention was now directed to a more 
careful examination of the heart. The attending pediatrician believed that the heart rate was 
well over 300 per minute and for the first time, a diagnosis of paroxysmal tachycardia was enter- 
tained. A cardiac consultant confirmed this impression, and immediate digitalization was 
ordered. Unfortunately, the child expired before therapy was commenced. An electrocardio- 
gram (Fig. 2) was obtained just before death. The tracing showed a ventricular rate of 365 per 
minute. The rhythm was definitely supraventricular and there was a ventricular response to 
each auricular beat, that is, a 1:1 response. The rhythm was probably auricular flutter, but it 
was not possible to rule out paroxysmal auricular tachycardia. 


An autopsy was obtained and no anatomic defects were found. The ventricular and auricular 
musculature, both grossly and microscopically, presented the usual normal structure. The lungs 
were injected but demonstrated no evidence of bronchopneumonia. There were no congenital 
anomalies. 


" 
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Fig. 2.—Supraventricular tachycardia. Rate. 365 per minute. 


DISCUSSION 


Extreme ventricular rates of over 300 per minute are rare. In 1943 
Edeiken! in a review of the literature, collected seventeen cases in which the 
ventricular rate was over 300. It is interesting to note that twelve of these oc- 
curred in infancy. 


A 
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In 1921 Lewis' showed that when the auricle of a mammalian heart was 
stimulated at about 250 to 300 per minute, a state of partial refractoriness 
developed; that is, not all groups of muscle fibers contracted. With a more 
rapid rate of stimuli, the refractory period was further increased, and when the 
rate reached a critical level of 450, a 2:1 rhythm occurred in the auricles. In a 
similar way, the A-V node also demonstrated a refractory state. Lewis, how- 
ever, found the critical rate for the A-V node to be 270 to 300 per minute. Im- 
pulses stimulating the auricle at rates above 300 per minute failed to be trans- 
mitted by the A-V node, thus resulting in a slower ventricular response. From 
these observations, therefore, in all supraventricular tachycardias one should 
expect a ventricular rate not to exceed 300 per minute. This critical rate, how- 
ever, does not seem to apply to infants. No explanation is offered for this dif- 
ference in infancy, but it is possibly related to the size of the muscle fiber and 
the glycogen content of the node. According to Lewis‘ the length of systole, 
duration of the refractory period, and rhythmicity increase as the fiber and gly- 
cogen content decrease. A nodal fiber is smaller and has less glycogen content 
than is found elsewhere in the heart. In the majority of instances of extreme 
tachycardia in infants, organic heart disease has not been demonstrated. Be- 
fore final conclusions can be drawn, special studies, including biochemical 
analyses, should be performed on all cases coming to necropsy. 


The diagnosis of a paroxysmal tachycardia in an infant can easily escape 
detection. In the very young the heart rate is highly labile. Normally, the 
heart rate of a newborn infant is over 130 per minute. This rate rises sharply 
with excitement and infection, and unless one is careful, it is easy to attribute 
a rapid heart rate in an infant to some extracardiac cause. Furthermore, rates 
around 200 per minute are not easy to count, particularly in children who are 
difficult to manage and who have associated respiratory difficulties. It is well 
to remember that a shifting auricular flutter with a 2:1 or 3:1 response can 
give a deceptive ventricular rate. In spite of the accessibility of electrocardio- 
graphic apparatus, it is surprising how infrequently electrocardiograms are or- 
dered on infants. In any tachycardia of unexplained origin, an electrocardio- 
graphic study is essential. 


It is not the purpose of this paper to review the subject of paroxysmal 
tachycardia, but mention should be made of a report by Hubbard,’ who de- 
scribed nine cases of paroxysmal tachycardia in infants under 1 year of age; 
six of the cases were encountered in a period of one year. It is of great impor- 
tance to suspect paroxysmal tachycardia in any infant with a rapid heart action. 
It should also be realized that the attacks may be brief, and between attacks 
the child may be perfectly normal. However, if these attacks are unrecognized 
and continue, congestive heart failure may supervene. Congestion of the lungs, 
as in our case, may be mistaken for bronchopneumonia. Early enlargement of 
the liver in infants is difficult to interpret. Because of the anoxia, central 
nervous system signs may predominate. The problem becomes further com- 
plicated if the child has an elevated temperature and a leucocytosis, findings 
which were both present in our patient. 
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The treatment of choice in paroxysmal tachycardia of infants is digitalis. 
he simple procedures, such as pressure on the carotid sinus or eyeballs or 
methods to induce vomiting, are rarely effective. Hubbard? recommends an 
initial dose of 0.05 to 0.1 Gm. of Digifolin intramuscularly. Repeated doses 
may be necessary. 

Paroxysmal tachycardia in infants may be more frequent than the litera- 
ture indicates. It is possible that in certain instances, sudden unexplained 
death in infants may be o1 the basis of unrecognized paroxysmal tachycardia. 


SUMMARY 


1. A fatal case of supraventricular tachycardia in an infant with a ven- 
tricular rate of 365 per minute is presented. As far as can be learned, this is 
the fastest human ventricular rate ever recorded. 


2. The condition was unrecognized until just before death. The signs of 
congestive failure, which were respiratory difficulty, cyanosis, and congestion 
of the lungs, were misinterpreted. No evidence of organic heart disease was 
found at necropsy. 

3. Paroxysmal tachycardia is not rare in infants. The condition is amen- 
able to treatment. A suspicion of this condition should be entertained in any 
child with an episodic history of cyanosis and respiratory difficulty. The more 
frequent use of the electrocardiogram in infants is recommended. 
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CONTRIBUTION TO THE PATHOGENESIS OF CHRONIC 
COR PULMONALE 


REPORT OF A CASE WITH MULTIPLE ANEURYSMS, INTRAVASCULAR BANDs, 
AND OLD MAssIVE THROMBOSIS OF THE 
PULMONARY ARTERY 


G. E. Irvin, M.D. 
PEORIA, ILL. 


OR pulmonale or pulmonary heart disease refers to the effect upon the heart 

of changes in the lungs. These changes include alteration in the bony 
thoracic cage, diseases of the parenchyma of the lung, and diseases of the pul- 
monary vascular system. Diseases of the lung influence the heart function by 
obstructing the flow of blood through the lesser circulation. Normally the 
pressure in the pulmonary artery averages only about 20 mm.of mercury. Hence, 
to overcome resistance and maintain the pulmonary circulation, the right ventricle 
is not required to be as strong as the left. Once the pressure in the pulmonary 
circuit rises after obstruction it is reflected in sclerotic changes in the vessel wall, 
and, if continued over a period of time, results in hypertrophy of the right ven- 
tricle. Of course, a sudden rise in pulmonary arterial pressure, such as occurs 
with multiple pulmonary emboli, may lead to acute dilatation and failure of the 
right ventricle. The pulmonary circulation may become obstructed at any 
point from the pulmonary valve on one side to the mitral valve on the other. 
Depending upon the cause, site, and duration of the obstruction to the pulmonary 
circulation, we may divide cor pulmonale into acute, subacute, and chronic types. 

Acute cor pulmonale is manifested by dilatation of the right ventricle sec- 
ondary to sudden massive obstruction to the pulmonary circulation. This is 
caused as a rule by extensive pulmonary embolism, which usually has its genesis 
in venous thromboses in the leg, abdominal, or pelvic veins. Fortunately, the 
lung substance has a tremendous vascular reserve and, as has been shown ex- 
perimentally, more than one-half of the vascular bed must be occluded before 
any appreciable strain on the right heart becomes evident. Since the clinical 
course of acute cor pulmonale is rather fulminating in most instances, there is 
little permanent heart damage since the patient either recovers completely or 
succumbs to his illness. 

Subacute cor pulmonale was described by Greenspan! and has been proposed 
by others as a clinical entity deserving of recognition. This type is usually 
produced by metastatic endolymphatic carcinoma invading the pulmonary 
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arterioles and resulting in thrombosis and obstruction . the blood flow. In 
cases reported by Brill and Robertson? the right ventricle failed following a short 
period of strain. The heart in these cases may show slight hypertrophy, but as 
Thompson and White* have pointed out, it requires about two months of con- 
tinuous strain before the muscle begins to show signs of hypertrophy. Ad- 
mittedly, this type of cor pulmonale is rare and is included only for the sake of 
completeness. 

Chronic cor pulmonale is associated with a sustained increased resistance in 
the pulmonary circulation produced by diseases of the lungs and pulmonary vessels 
or by anatomical deformity in the bony structures of the chest. Chest deformity 
secondary to kyphoscoliosis or thoracoplasty is not a common cause of cor 
pulmonale in this country. Kyphoscoliosis could be considered a factor in only 
one of sixty cases of chronic cor pulmonale reported by Spain and Handler.‘ 
Diseases of the parenchyma of the lung which may be associated with chronic cor 
pulmonale include emphysema, tuberculosis, pneumoconiosis, interstitial fibrosis, 
bronchiectasis, bronchial asthma, and multiple cysts. 


Many studies have been carried out relative to the role of primary obstruc- 
tive emphysema in the causation of chronic cor pulmonale. Emphysema appears 
to be the basic change in many instances, but after years of investigation there 
is still much speculation as to the exact mechanism. No single explanation is 
acceptable or applicable in all cases. Pulmonary arteriosclerosis has been proved 
to be a secondary factor. The fibrosis often accompanying emphysema is not 
constantly present and it usually does no harm unless it is of the fine diffuse type, 
in which case an obstructive emphysema is produced by involvement of the 
small bronchioles. It is difficult to assume sufficient anatomical obliteration 
of the vascular bed in emphysema to cause obstruction since there is such a 
tremendous vascular reserve, as we have already pointed out. An important 
factor other than strictly anatomical changes is the increased alveolar pressure in 
emphysema which compresses the small vessels and increases the resistance to 
blood flow. Thus, the influence of several factors must be considered in an at- 
tempt to explain cor pulmonale on the basis of emphysema. Advanced pul- 
monary tuberculosis is associated with chronic cor pulmonale in from 4 to 40 
per cent of the cases, according to various reports. The wide variance may be 
explained by different methods of weighing and measuring the right ventricle 
in comparison with the left. After study of all the etiological factors, Higgins® 
concludes that an emphysema associated with fibrosis is the most plausible ex- 
planation. The same situation pertains in bronchial asthma, bronchiectasis, 
and silicosis. Thus, the importance of emphysema, whether primary or second- 
ary, in the initiation of changes leading to chronic cor pulmonale cannot be over- 
emphasized in any discussion of this disease. 

Diseases of the pulmonary vessels may play a dominant role in the patho- 
genesis of chronic cor pulmonale. In some instances the primary vascular dis- 
order is not obvious to gross examination, while in others the obstructing lesion 
is very evident. Among the lesions seen are sclerosis, either primary or secondary ; 
infections such as arteritis, syphilis, and tuberculosis; thrombosis and embolism; 
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neoplasms; aneurysms; and maiformations. Sclerosis of the pulmonary vascular 
system has been studied in detail by Brenner,® who reported secondary sclerosis 
to be a common autopsy finding in older individuals and of little clinical signiti- 
cance in the production of pulmonary hypertension. Primary vascular sclerosis, 
on the other hand, is associated with hypertrophy of the right ventricle. A 
septic arteritis accompanies any suppurative lung disease regardless of its etiology. 
Syphilis of the pulmonary artery, which is a rare lesion, has been written of ex- 
tensively in the literature particularly in association with Ayerza’s disease. 
It affects the large branches and main stem of the pulmonary artery for the most 
part and the pathological picture resembles that seen in the aorta. Since there 
is little or no obstruction, it is not likely that uncomplicated syphilis could play 
a large part in the production of pulmonary hypertension. Tuberculosis involves 
the pulmonary vessels near a focus of infection or in the wall of a cavity. Here 
the vessels may become so weakened and dilated as to form aneurysms. Primary 
neoplasms of the pulmonary artery are rare, indeed. Secondary neoplasms 
may alter the pulmonary circulation by embolism or invasion. I have already 
alluded to this subject under subacute cor pulmonale. Recent thrombi due to 
propagation of an embolus are frequent autopsy findings. On the other hand, 
thrombi in the stem or main branches of the pulmonary artery are an extremely 
uncommon finding, although this finding is fairly common in the smaller branches. 
The same holds for ‘‘true’’ aneurysms of the pulmonary artery. Band formations 
may represent either congenital malformations or be formed during the process 
of organization and recanalization of a thrombus. The subject of aneurysm, 
thrombosis, and band formation will be discussed later in more detail. 


In the foregoing paragraphs I have endeavored to review briefly the main 
factors leading to hypertrophy, dilatation, and eventual failure of the right 
ventricle. With this in mind, an unusual case with autopsy findings will be pre- 
sented. The condition was based upon a combination of rare lesions in the 
intrapulmonary vascular system. 


CASE REPORT 


E. H., a 55-year-old white man, was admitted to St. Francis Hospital July 25, 1947, in 
cardiac failure. Five years previously he had been seriously ill for one month with “chest trouble” 
and swelling of the left leg. Since then he had been subject to intermittent spells of chest pain 
which might occur daily for a week only to disappear for a month or so. The pain was described 
as a compression beneath the breast bone extending to the neck and shoulders. It was not 
related to effort and, in fact, was worse at night. He had also noted shortness of breath upon 
exertion which had grown progressively worse and which was now accompanied by cough and 
swelling of the ankles. He was placed upon digitalis by his physician but had not improved. 
The past history and family history were noncontributory. 


Admission examination showed a chronically ill man with dyspnea and rapid respirations. 
The neck veins were prominent. The skin showed a 1 plus pitting edema of the ankles and the 
entire left lower extremity was larger than the right. The lungs were clear. The heart was 
enlarged to percussion and an apical systolic murmur was audible. The rate was 65 and the 
rhythm was irregular because of many extrasystoles. The blood pressure was 144/85. The 
liver was enlarged two fingerbreadths below the right costal border and was slightly tender te 
palpation. Laboratory studies showed the following: negative blood serology; 5.27 million 
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red blood cells with 103 per cent hemoglobin; 11,400 white blood cells; negative urine; negative 
blood serology; and a tendency to right axis deviation and trigeminal rhythm in the electrocardio- 
gram, 

The clinical impression was right heart failure of undetermined etiology. The patient com- 
plained only of dyspnea and occasional chest pain. His condition was not considered critical. 
He ate well but was very restless. About twenty-four hours after admission he was found walking 
in the hall in a confused mental state. The nurse noted considerable dyspnea and cyanosis. 
Shortly after being returned to bed Cheyne-Stokes respiration developed; the pulse became im- 
perceptible, and he expired a few minutes later. 

Post-mortem Examination.—There was bilateral ankle edema and the left lower extremity was 
swollen. The abdominal organs were not remarkable except for congestion of the liver and 
spleen. The pleural cavities were free of fluid. Both lungs were voluminous, crepitant, and upon 
cut section showed an increased fluid and blood content. 

The heart was markedly enlarged, measuring 11.5 by 13 centimeters. The epicardium showed 
small hemorrhages over the right atrium. The left ventricle was contracted, its wall measuring up 
to 1.5 cm. in thickness. The myocardium was reddish brown in color. The right ventricle 


Fig. 1.— Heart and pulmonary artery opened. Note tremendous hypertrophy of right ventricle. 
Arrows point to large thrombi in both main branches and papers inserted beneath bring out the band 
formations at points of aneurysmal dilatation. 


was enlarged, its wall measuring 1.2 cm. in thickness. The right atrium was also hypertrophic 
and contained several firm grayish-red thrombi. The valves were not abnormal. The coronary 
arteries and root of the aorta showed slight atherosclerosis. In both main branches of the pul- 
monary artery were huge, grayish-red thrombi firmly attached to the vessel wall. About both 
thrombi the artery showed aneurysmal dilatation, but the lumina were considerably narrowed. 
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The thrombus on the right measured 6.5 by 2.5 cm.; on the left, 5.5 by 4.0 centimeters. Distal! 
to the thrombi all branches of the pulmonary artery showed many points of fusiform dilatation at 
which sites there were thin bands traversing the lumina usually at a right angle to the long axis 
of the vessels. These bands were filiform or flat and vessels as small as 3.0 mm. in diamete: 
contained them. There was no evidence of smaller thrombi or pulmonary infarcts. The pul 
monary artery showed considerable thickening and many atherosclerotic plaques (Fig. 1). 

On microscopic examination, cross sections of the vessels showed considerable atherosclerosis 
of the large, medium, and small branches of the pulmonary artery. The arterioles in general 
showed intimal thickening, but the lumina were not constricted uniformly in many sections 
examined. The bands were found to be composed of hyalinized fibrous tissue for the most part 
with elastic and muscle fibers present but to a less extent. The muscle fibers were arranged 
with the long axis parallel to that of the band. 

The necropsy diagnoses were: (1) Anomaly of pulmonary artery with multiple aneurysms 
and band formations. (2) Old massive thrombosis of both main branches of pulmonary artery. 
(3) Marked hypertrophy of right ventricle (chronic cor pulmonale). 


COMMENT 


This patient illustrates a type of heart failure produced by obstruction in 
the lesser circulation. Admittedly, obstruction due to this peculiar combination 
of aneurysms, thrombi, and band formations must be quite unusual. Indeed, 
the finding of any one of the three is in itself unusual. Therefore, it may be well 
to discuss each briefly with particular reference to pathogenesis. 

Aneurysm of the pulmonary artery is a rare autopsy finding, as exemplified 
by a recent review of the literature by Deterling and Clagett,’ who found it 
described only eight times in 109,571 autopsies. These same authors emphasize 
definite criteria for acceptance of an aneurysm as authentic, one of which is that, 
in addition to dilatation, the artery must show some evidence of organic degenera- 
tion. Most of the aneurysms reported are located in either the stem or main 
branches of the pulmonary artery. Changes which may lead to aneurysm of the 
pulmonary artery are not as important in the pathogenesis of cor pulmonale. 
For example, syphilis is an important cause of aneurysm while it plays a minor 
role in the pathogenesis of cor pulmonale. Cardiovascular anomalies are often 
associated with pulmonary aneurysm, particularly those in which a strain is 
thrown upon the pulmonary artery. Among those most frequently found are 
patent ductus arteriosus, septal defects, and aortic hypoplasia. In these cases 
the mechanism is clear in which a definite anatomical basis is found. It will be 
recalled that the aneurysmal dilatations in the case which is reported were seen 
only in areas where the bands existed. Since the bands were considered to be 
congenital anomalies, one assumes either that the aneurysms were also of con- 
genital origin or that the aneurysms were the result of a developmental weak- 
ness of the vessel wall plus secondary factors such as increased pulmonary pres- 
sure with subsequent sclerosis. The importance of the aneurysms lies in a pre- 
disposition to thrombosis formation, as we shall see. 


The incidence of thrombosis in the intrapulmonary arteries varies; it would 
seem to depend upon the thoroughness with which thromboses are sought at 
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autopsy examination. Thus, it is not uncommon to find thrombi in the small 
vessels; however, in larger vessels it is not common. Billings’ found only eleven 
thrombi in 1,700 autopsies, making an incidence of around 0.7 per cent. We are 
not concerned with those instances of propagation following a recent embolus, 
but rather thrombi of such size as to obstruct the pulmonary circulation and of 
such duration as to result in chronic cor pulmonale. It is difficult to answer the 
question as to how much the pulmonary artery must be constricted to cause 
these changes. An entire main branch of the artery may be gradually occluded 
by thrombosis and yet be compatible with life if there is a concomitant hyper- 
trophy of the bronchial arteries to compensate for the reduced blood supply to 
the lung. Means and Mallory® have reported a case exemplifying this. Other 
instances of marked narrowing of the pulmonary artery by old thrombi resulting 
in eventual right heart failure have been reported by Jump and Baumann,!'° 
Barnes and Yater,'! and Covey.” There appears to be considerable controversy 
in the literature as to whether these thrombi arise in situ or from emboli. Accord- 
ing to the consensus, most thrombi are embolic in origin while a few may arise 
in situ where there is local vascular damage. An aneurysmal sac provides an 
opportunity for thrombus formation. An arteritis, whether associated with 
local lung disease or caused by syphilis, may also be associated with thrombus 
formation. Atheromatosis does not predispose to thrombus formation in the 
pulmonary artery, where atheromatous ulcers are rare. In many instances 
of thrombi a source of embolization may be found if carefully searched for. In 
the present case it will be noted that this individual had a_ thrombophlebitis 
which began coincidentaily with his chest trouble. Thus, there is a basis for both 
autochthonous and embolic types of thrombi. Study of the thrombus revealed 
evidence of lamination indicating an origin in situ. This problem, however, is 
more of academic interest than of practical value. 


Just as the pathogenesis of thrombi is related to aneurysms, so band forma- 
tions are related to thrombosis. Most bands are produced by an irregular rate 
of thrombus organization which allows small filaments of tissue to partially bridge 
the lumen of a vessel. Or, recanalization of a vessel after occlusion may convert 
the thrombus into many thin, bandlike structures. Moller’ found iron-contain- 
ing pigment in three of four cases reported, thus proving an origin from previous 
thrombi and not a congenital origin. Histologic study is important in disproving 
many cases reported as developmental anomalies. According to Saphir" only 
a few authors mention band formation in the pulmonary artery. When they 
occur just above the valve they are probably congenital in origin. In the few 
cases reported, detailed histologic study was not made to determine the true 
nature of the bands. It would be difficult to conceive of any other than a con- 
genital origin for the bands in this case, particularly with regard to their his- 
tologic structure which lacked any changes seen in old organized thrombi. 


SUMMARY 


To recapitulate, cor pulmonale is the term applied to changes in the heart 
secondary to changes in the lungs. The basic mechanism is found in obstruction 
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to the normal circulation of blood through the pulmonary vascular system. This 
obstruction may result from diseases of the parenchyma or of the vascular sys- 
tem of the lungs. Depending upon the etiology, there are acute, subacute, and 
chronic forms of cor pulmonale. Chronic cor pulmonale usually develops when 
there exists chronic parenchymal disease with secondary vascular changes. 


An unusual case, which showed congenital bands, aneurysms, and thrombi 
of the pulmonary artery, is reported in detail. The relationship of these findings 
to the pathogenesis of chronic cor pulmonale is discussed. Aside from its interest 
in showing extremely rare necropsy findings, this case illustrates the complexity 
of the problem we face in attempting to evaluate the role of various factors in the 


pathogenesis of chronic cor pulmonale. 
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Abstracts and Reviews 


Selected Abstracts 


Moriyama, I. M., and Gover, M.: Statistical Studies of Heart Diseases. I. Heart 
Diseases and Allied Causes of Death in Relation to Age Changes in the Population. 
Pub. Health Rep. 63:537 (April 23), 1948. 


The annual number of deaths from diseases of the heart (424,328 in 1945) is considerably 
more than twice the mortality from the second most frequent cause of death, cancer, from which 
177,464 deaths resulted in 1945. About the year 1910 heart disease became for the first time 
the most frequent cause of death, and since that time, except for the period of 1918 influenza 
pandemic, it has been the unchallenged leader of the list. 

In the forty-five years since 1900, the death rate for heart disease increased from 137 to 322 
per 100,000 population, while the death rate for all causes dropped from 1,719 to 1,062 per 
100,000 population. 

It is significant that the major decreases in mortality since 1900 have occurred in the child- 
hood and early adult ages of life. This tendency has been reinforced by the decline in the birth 
rate (up to about ten vears ago) and the curtailment of immigration. During the period 1900 
through 1940, the median age of the population of the United States increased from 22.9 to 29.0 
years. The proportion of persons in the population 45 years of age and over rose from 19 per cent 
in 1900 to 27 per cent in 1940. Practically one-half of the deaths occurring at the present time 
are among persons in the definitely older age brackets. 

The age changes affect the crude rates for specific causes of death to varying extents. Hence, 
when age-adjusted rates are computed for each cause, the increasing importance of heart disease 
in relation to other leading causes can be more meaningfully assessed. Diseases of the heart 
have progressed in the 40-year interval from third to first place, nephritis from seventh to fourth, 
cancer from eighth to second, and diabetes from eighteenth to eighth place, while tuberculosis, 
pneumonia, diarrhea and enteritis, diphtheria, and other communicable diseases have declined 
from higher to lower ranks. 

Although there is some variation in the predicted crude death rate because of differences in 
the assumptions made, there is no question that heart disease will continue to play the principal 
role in the upward trend of mortality unless some revolutionary advance is made in medical 
knowledge bearing upon the prevention or treatment of cardiac diseases. If the age-specific mor- 
tality rates for heart disease in 1945 are applied to the estimated populations at specific ages in 
1980, it is found that heart disease will cause 74 per cent more deaths in 1980 than it did in 1945. 
On a rate basis this increase would amount to 40 per cent, or a rate of about 452 per 100,000 popu- 
lation in 1980, in contrast to the 1945 rate of 321. It may also be estimated on the basis of a crude 
general death rate of about 14 per 1,000 population in 1980 that deaths from heart disease will 
constitute roughly 32 per cent of all deaths occurring in that year. BELLET. 


Raymond, G. H., Adams, G. T., and McCorriston, J. R.: Venography in the Normal 
and Pathological Leg. Canad. M. A. J. 58:441 (May), 1948. 
This study covers 113 venograms in 100 patients. Its purpose was to develop a technique by 
which structures can be identified and findings interpreted in normal subjects and by which 
pathologic changes can be demonstrated and identified. 
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The general appearance of the normal deep circulation is fairly accurately duplicated from 
case to case. Any notable deviation from the normal is considered pathologic and is evidenced 
broadly by a lack of filling of a part or all of the deep circulation and by a positive filling of the 
superficial system and the collaterals. It is now recognized that phlebothrombosis, in 90 per cent 
of cases, starts in the veins of the calf muscles and spreads via the deep circulation. A common 
observation in thromboembolic disease is the occurrence of vasospasm. 


Venography may be used in acute cases of deep venous thrombosis; by it the apex of the 
obstruction can be outlined. In cases of chronic swelling of the leg of venous origin, the area of 
involvement and the collateral vessels can be demonstrated. The patency of the deep venous 
circulation may be demonstrated, so that treatment of varicose veins may be undertaken without 
fear of occluding the only venous return from the leg. Venograms can outline conditions before 
and after therapy. Two venograms can be done safely on the same patient on the same day. 


There are, however, limitations to venography. The profunda femoris vein is not normally 
outlined; consequently, one is always uncertain as to whether or not it is the site of thrombosis. 
Then, too, there is some inconstancy of the connections of the long saphenous vein with the deep 
veins of the lower leg. On occasion, either the posterior or anterior tibial veins fail to fill, and this 
might lead the uninitiated to believe that a thrombus is then occupying the lumen. Certain 
dangers must also be feared: drug sensitivity, the possibility of dislodging a piece of the thrombus 
in an acute case, the possibility of infection, and the possibility of inducing thrombus formation. 


Using 35 per cent Diodrast as the radiopaque contrast medium, after first testing the patient 
for sensitivity, the authors favor three techniques: (1) “‘Low”’ injection. (2) Bauer’s method, 
when, for some reason, direct venipuncture is impractical. This consists of making a 1.0 cm. 
incision posterior to the lateral malleolus under local anesthesia and introducing the needle into 
the short saphenous vein under direct vision. (3) ‘High’ injection, for the demonstration of 


upper femoral and iliac regions. BELLET. 


Makotoff, R., and Ross, G.: The Effect of Spinal Anesthesia on the Renal Ischemia in 

Congestive Heart Failure. J. Clin. Investigation 27:335 (May), 1948. 

One of the effects of a decreased cardiac output in chronic congestive heart failure is a dis- 
proportionate decrease in the renal flow. The authors have calculated that the renal fraction of 
the cardiac output is reduced to about two-fifths of normal and have shown that there is a marked 
efferent arteriolar constriction. Merrill and co-workers have demonstrated that renin is present 
in increased amounts in renal venous blood of some patients with congestive failure. In the 
present study the authors endeavored to determine whether renal vasoconstriction might also 
result from neurogenic stimulation when the cardiac output falls. They blocked the autonomic 
pathways by means of high spinal anesthesia. The results indicated that the renal ischemia with 
marked efferent arteriolar constriction and the concomitant reduction in the renal fraction of the 
cardiac output which was regularly observed in established congestive failure were not maintained 
by sympathetic activity. That reflex vasoconstriction with shunting of blood from the kidney 
may operate in acute heart failure was not denied by these studies. Some workers have shown 
that neurogenic stimuli do affect the renal vascular bed. The authors suggest that the arteriolar 
constriction is mediated through some humoral mechanism (renin, according to Merrill and vaso- 
excitor material VEM, according to Shorr and associates). LECKs. 


Master, A. M., Weintraub, H. J., and Gertler, M. M.: The ‘*Two-Step” and the **Anox- 
Tests. J. Mt. Sinai Hosp. 15:21 (May-June), 1948. 


emia 

The authors present a case which illustrates the result of the “two-step’’ and ‘‘anoxemia” 
tests in a patient with angina pectoris of seven years’ duration, whose resting electrocardiograms 
had been normal during that period. The cardiac manifestations of coronary insufficiency pro- 
duced by the two tests fall into three patterns: (1) temporary ischemia of the cardiac musculature, 
manifested by RS-T deviations and T-wave changes; (2) various arrhythmias, from isolated 
ectopic beats to paroxysmal tachycardias; (3) combination of (1) and (2). Almost all of the 
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cardinal electrocardiographic deviations indicative of coronary insufficiency were presented in 
response to the tests. On the basis of the criteria employed for each procedure, the response to 
the tests was positive for coronary insufficiency. The quantitative electrocardiographic changes 
produced by the tests were almost exactly the same. Ventricular tachycardia was encountered 
during both procedures. BELLET. 


Adelman, M. H.: Cerebral Air Embolism Complicating Stellate Ganglion Block. J. Mt. 

Sinai Hosp. 15:28 (May-June), 1948. 

The author presents the case of a woman, 43 years of age, who was admitted to the hospital 
for a diagnostic block of the right stellate ganglion. She complained of intractable pain of six 
years’ duration localized in the right temporal, maxillary, and mandibular regions. It was 
decided that a diagnostic block of the right stellate ganglion was warranted, and the procedure 
was performed. A few seconds after the needle was removed the patient developed a syncopal 
attack. At the same time, she began to cough and to expectorate bright red blood. Oxygen was 
administered and the patient was kept in the Trendelenberg position. Because of the marked 
bradycardia, a vagovagal reflex was considered as a factor contributing to the clinical picture, 
and 15 mg. of ephedrine sulfate were administered intravenously. The pulse increased promptly 
to within normal limits. About ten minutes after the onset of this episode, the patient began to 
manifest the return of various reflexes. Speech returned about twenty minutes after the onset 
and the patient complained of inability to move the right upper and lower extremities. The patient 
was kept at complete rest for another hour, and during this interval the paresis in the right extremi- 
ties disappeared completely. Three days later the patient returned for another attempt at stel- 
late ganglion block. This time the posterior approach was used and a successful block was per- 
formed. 

This case is another episode of cerebral air embolism following thoracic puncture, and offers 
a major argument against the use of the anterior approach to the stellate ganglion. Pneumothorax 
with penetration of the lung parenchyma is not an uncommon complication of using the anterior 
approach because the stellate ganglion lies behind the dome of the pleura which shows considerable 
variation in height. The posterior approach to the stellate ganglion offers less risk of penetration 
of pleura and lung parenchyma. BELLET. 


Lowe, T. E., and Bate, E. W.: Hyperplasia of Cardiac Muscle Fibres. M. J. Australia 

1:618 (May 15), 1948. 

The occurrence of hyperplasia in mature cardiac muscle fibers has been a much disputed 
subject for many years. Most modern writers maintain that enlargement of cardiac muscle 
occurs only by fiber hypertrophy. 

The authors report their observations on the heart of a 22-year-old man who dropped dead 
while dancing. In this heart they consider hyperplasia of the muscle fibers to have occurred. 
The heart weighed 2,340 grams. The most notable feature was the enormous left ventricular 
wall. There was a gross aortic valvulitis with marked stenosis. Histologic examination revealed 
evidence of syphilis of the aorta and chronic rheumatic myocarditis in all layers of the ventricular 
muscle. In the three inner layers of the left ventricle many of the cardiac fibers were split longi- 
tudinally into two smaller fibers, each with its own nucleus. There were also many fibers con- 
taining two adjacent nuclei. Measurements of the diameters of the cardiac muscle fibers in the 
left ventricular wall revealed a lack of uniform enlargement of the mean fiber diameter in the 
various layers. The fiber size in the outer layer was relatively normal; that of the three inner 
layers ranged toward a smaller fiber size. 

The authors emphasize that the measurements given and the histologic appearances of the 
muscle led to two conclusions: first, that hyperplasia of cardiac muscle had occurred in some 


layers, and second, that the individual muscles of the ventricles had reacted independently to the 
KLINE. 


disease state. 
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Sellors, T. H.: Surgery of Pulmonary Stenosis. Lancet 254:988 (June 26), 1948. 


This author records the clinical findings in a patient in whom the pulmonary valve was suc 
cessfully divided. A youth of 20 years was suffering from advanced bilateral pulmonary tuber 
culosis; he also presented a typical clinical picture of the tetralogy of Fallot. An operative attempt 
along the lines suggested by Blalock for pulmonary stenosis was considered. In the lower part 
of the conus it was found that a firm structure was thrust from the ventricle into the pulmonary 
trunk with each heart beat, and this was interpreted as being an imperforate pulmonary valve 
The infundibular region of the right ventricle was chosen as the area from which the valve could 
be best approached and several holding sutures were inserted, care being taken to avoid any 
branches of the coronary artery. A long tenotomy knife was then thrust between the stitches till 
it engaged the resistant valve or septum, which was incised and cut in two directions. Some sense 
of direction was gained by placing a finger over the conus area and gauging the distance of the knife 
from the surface, but it is possible that division on the deeper aspects was not as thorough as on 
the superficial aspects. The opening in the ventricle was closed with three linen thread sutures, 
using the preliminary stay sutures to control the hemorrhage. At the end of the operation the 
pulsation in the conus was more forceful and the well-marked thrill previously present was con- 
verted into one of much lower frequency and intensity, which was located in a different situation. 


In spite of the lung condition, the patient’s recovery was straightforward and he was defin- 
itely, though not completely, relieved from his cyanosis. There is no doubt that the operation 
could be improved on future occasions. A more appropriate tenotomy knife or valvulotome might 
be employed and bleeding might be controlled more accurately. 

BELLET. 


Durie, E. B., and Brodziak, I. A.: Necrotizing Vascular Lesions Believed to be Due to 
Hypersensitivity to Sulphadiazine. M. J. Australia 1:710 (June 5), 1948. 


The authors present the clinical course and autopsy findings in a patient who was given 17 
Gm. of sulfadiazine over a period of five days for the treatment of a fever of unknown origin. 
Histologic examination of the kidney revealed an increase in the cortex, which was almost com- 
pletely filled with closely packed or confluent foci of inflammatory cells which had a central area 
of necrosis or surrounded a necrotic vessel. Very few glomeruli and occasional distorted tubules 
were present in the cortex. The essential lesion was a subacute necrotizing arteritis. Similar 
findings were noted in the spleen. The heart showed interstitial myocarditis, with edema and 
cellular infiltration of the perivascular tissue. 


On the basis of comparable findings reported in the literature, the authors arrived at the con- 
clusion that the findings were attributable to sulfonamide sensitivity. The case report em- 
phasized the importance of increased caution in the prophylactic and therapeutic use of sul- 
fonamide drugs, particularly for minor infections, and the early recognition of signs of hyper- 
sensitivity to such medication. 

ABRAMSON. 


Davis, D., and Ritvo, M.: Osteoarthritis of the Cervicodorsal Spine (Radiculitis) 
Simulating Coronary Artery Disease. New England J. Med. 238:857 (June 17), 1948. 


The authors discuss the clinical and roentgenologic features observed in forty-three patients 
with substernal or precordial pain resulting from cervicodorsal radiculitis. Of these patients, 
twenty-three had been thought to have coronary artery disease before the correct diagnosis was 
established. The diagnosis was based upon at least two of the following criteria: symptoms with 
definite radicular characteristics, reproduction of attacks by pressure over the spine, or prompt 
response to orthopedic therapy. Approximately 75 per cent of the group were men; the average 
age was 52 years. 


In addition to precordial or substernal pain, the majority had pain reference to the shoulder 
girdle, neck, or jaws. Suboccipital headache and vertigo were also common. 
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In most of these patients, the pain occurred in attacks, usually at night while the patient 
was in bed or after prolonged sitting. The pain was aggravated or mild attacks initiated by 
coughing, sneezing, straining, or various changes in posture. Anterior chest pain could be re- 
produced by spinal pressure in nineteen patients. In twenty-eight patients, response to ortho- 
pedic therapy was sufficiently striking to be of diagnostic significance. Tenderness in the region 
of the costochondral junction was another common finding. 

The roentgenologic findings are described. Postural and osteoarthritic abnormalities in the 
cervical and dorsal spine occurred in much higher incidence than would be expected in unselected 
individuals of comparable age. 

Kay. 


Hurwitz, A., and Arst, D. B.: Mycotic Aneurysm of the Brachial Artery After Cure of 
Bacterial Endocarditis. New England J. Med. 238:903 (June 24), 1948. 


The authors present a case of a successful removal of a mycotic aneurysm that developed in 
the left brachial artery of a patient with endocarditis due to a Type VIII pneumococcus. 

Two weeks prior to hospital admission a 20-year-old man developed chilis, fever, nausea, 
and vomiting which failed to respond to sulfadiazine therapy. When admitted to the hospital 
he was found to have fever, a cardiac murmur, nuchal rigidity, moderate clubbing of the fingers, 
and cyanosis of the nails. Each of two blood cultures revealed the presence of a Type VIII 
pneumococcus which was sensitive to 0.02 units of penicillin per cubic centimeter. Five sub- 
sequent blood cultures taken during the period of treatment and five taken at daily intervals after 
cessation of penicillin therapy showed no growth. The apical systolic cardiac murmur became 
less harsh and at times assumed a high-pitched quality. The patient was allowed to go to his 
home, but he returned to the hospital complaining of a sharp pain in the left axilla. The only 
new physical findings at this time were confined to the left upper extremity. These findings led 
to a diagnosis of occlusion of the brachial artery and the patient was given an initial dose of 
300 mg. of Dicumarol, 50 mg. of heparin intravenously every four hours, and 200 mg. of Papaverine 
every two hours. 

Two weeks after the patient’s second admission, a fusiform enlargement was noted for the 
first time slightly above the previous site of occlusion, and oscillometric readings over this area 
were increased. In the next three days, there were several transitory episodes of numbness un- 
relieved by a stellate ganglion block. Examination revealed an increase in the size of the pulsating 
mass. There was definite weakness of all the muscles supplied by the median nerve and patchy 
hypesthesia to light touch and paresthesia to pinprick over the median sensory area. The diag- 
nosis of an aneurysm of the brachial artery with compression of the median nerve was made and 
the patient was prepared for operation. 

The pathologic diagnosis was chronic mycotic aneurysm of the brachial artery with organizing 
thrombus. The patient was discharged on the fifteenth postoperative day. The surgical re- 
moval of the aneurysm, which was found to be sterile at the time of operation, was followed by 


progressive improvement in the median nerve function. 
BELLET. 


Goldman, M. L., and Schroeder, H. A.: Immediate Pressor Effect of Desoxycorti- 
costerone Acetate in Arterial Hypertension. Am. J. Med. 5:33 (July), 1948. 


The present report deals with the effect of injections of desoxycorticosterone acetate and other 
related hormones upon the blood pressure of both normotensive and hypertensive human subjects. 
The recipients of the various injections were eleven hypertensive patients, five normotensive sub- 
jects, and four patients with coarctation of the aorta and normal diastolic pressures. The sub- 
stances given intravenously in 5.0 mg. doses were desoxycorticosterone acetate, progesterone, 
A° pregneninolone, testosterone, dehydroisoandrosterone acetate, and 17-hydroxy-11-dehydro- 
corticosterone. In addition, the response of the blood pressure to a single intramuscular injection 
of 10 mg. of desoxycorticosterone acetate in peanut oil was followed for several days by the auscul- 


tatory method. 
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A significant, slowly developing rise in diastolic blood pressure followed the intravenous in- 
jection of desoxycorticosterone acetate in hypertensive patients. This rise became apparent 
about ten minutes after the injection and lasted from one-half hour to forty-eight hours. Other 
steroids used as controls did not show significant pressor effects when injected into hypertensive 
patients. In no case did desoxycorticosterone acetate cause a significant elevation of the diastolic 
pressure of normotensive subjects. 

When several of the hypertensive patients were given a single intramuscular dose of 10 mg. 
of desoxycorticosterone acetate there resulted a significant rise in both systolic and diastolic 
pressures which lasted as long as forty-eight hours. In addition, these patients complained of 
exacerbation or intensification of their clinical symptoms, such as headache, nervousness, and 


restlessness. 
KLINE. 


Moloney, W. C., Murphy, A. S., and Harrington, W. J.: Prolongation of the Coagula- 
tion of Whole Blood by Dicumarol in Man. Am. J. Med. 5:40 (July), 1948. 


Recent clinical observations raise the question of whether or not Dicumarol influences the 
coagulation of blood in a manner which is not accurately reflected by the prothrombin clotting 
time or by the clotting time of whole blood in glass tubes. In this report the authors investigated 
this problem employing glassware coated with a silicone (Drifilm) following the method described 
by Jaques and co-workers. Studies were carried out in a group of eleven male and female patients, 
of whom seven had multiple sclerosis, one had Friedreich's ataxia, and three had generalized arteri- 
osclerosis. In most cases Dicumarol was given orally in dosage of 300 mg. the first day, 200 mg. 
the second day, and thereafter usually 100 mg. a day. Prothrombin clotting times were carefully 
performed using Quick’s method. Whole blood clotting time was determined by a modification 
of the method of Lee and White. An arbitrary limit of clotting time of over 15 minutes in glass 
at 37° C. was considered abnormal; when Drifilm tubes were used, a clotting time of over 60 
minutes at 37° C. was considered abnormally prolonged. 


The authors found that following the administration of Dicumarol, an increase in the pro- 
thrombin clotting time usually occurred within forty-eight hours but the degree of hypoprothrom- 
binemia varied considerably. Clotting time in Drifilm became definitely prolonged after forty- 
eight hours and when 700 mg. to 900 mg. of Dicumarol were given over a seven-day period, 
prolongation of the Drifilm clotting time for periods of from twenty-four to seventy-two hours or 
longer was observed. At the same time the clotting of whole blood in glass was prolonged slightly 
or not at all until very marked depletion of prothrombin occurred. 


The authors emphasize that the clotting of blood as observed in glass represents an artificial 
and false reflection of the true state of intravascular blood coagulability. It was demonstrated 
that at prothrombin levels which were not low enough to influence the clotting time in glass, 
dicumarolized blood in drifilmed tubes took twenty-four hours or longer to clot. These observa- 
tions provide laboratory support for the accumulating clinical evidence that Dicumarol may be 
effective in the prevention of intravascular clotting in dosages which are inadequate to produce 
critically low prothrombin levels or prolongation of the clotting time in glass. Unfortunately, 
the clotting test in Drifilm requires rather exact technique and for routine use is not a practical 
method at present. 

KLINE. 


Zeek, P. M., Smith, C. C., and Weeter. J. C.: Studies on Periarteritis Nodosa. III. 
The Differentiation Between the Vascular Lesions of Periarteritis Nodosa and of 
Hypersensitivity. Am. J. Path. 143:889 (July), 1948. 


In their effort to differentiate periarteritis nodosa from necrotizing panarteritis, which is 
occasionally associated with hypersensitivity, the authors have distinguished two types of pan- 
arteritis, recognizable clinically and pathologically. One type is associated with hypersensitivity 
and is termed “hypersensitivity angiitis.”. For the other type the term “‘periarteritis nodosa” 
is retained. This report is devoted to the pathologic differentiation. 
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The authors wrapped silk around one kidney and removed the other kidney in sixty-two 
rats (‘‘silk-perinephritis method’’). When this technique was deviated from, for example, 
when one kidney was interfered with, typical lesions did not result. Usually the second kidney 
was interfered with on the same day or in one week or ten days, and only thereafter were typical 
lesions produced. Forty-three untreated rats constituted a control group. 


The lesion in this group study was periarteritis nodosa, unassociated with hypersensitivity. 
It was observable in five stages, namely: (1) Fragmentation and focal edema of adventitial 
collagen at or near the bifurcation of muscular arteries; this occurred on the second or third day. 
(2) Adventitial infiltration by fibroblasts and histiocytes in the same areas, often spreading out- 
ward into adjacent fatty-areolar tissue. (3) Inflammatory exudation and necrosis, appearing 
first in the adventitia and outer half of the media. This was of “‘fibrinoid’’ appearance, followed 
by exudation of many eosinophils, but never of foreign body giant cells. Often thrombosis and 
sometimes aneurysmal weakening of the vessel wall followed the necrosis. These changes occurred 
in seven to eleven days. (4) Replacement of the necrosis by granulation tissue. (5) The 
scar or healed stage, possibly pathognomonic in the opinion of the authors, is featured by a pro- 
liferating fibrotic tissue filling the vessel lumen, often with canalization of the organized thrombus; 
a normal-appearing media; and adventitial scarring around the entire circumference or eccentri- 
cally placed. In many vessels at the hilum of a viscus, a mass of vascularized scar tissue replaced 
the entire arterial wall. 


These lesions were found in their various stages mainly at the hilar sectors of visceral arteries; 
the pulmonary artery was never affected. Likewise, while the splenic artery and its main hilar 
branches were commonly involved, the splenic arterioles were free of the lesion. Finally, it is 
stated that, despite the rather definite schedule for the appearance of the five stages, all the various 
phases may be seen in a given case of long duration. This indicates the persistence of the exciting 
factor. 


The authors compare this experimental lesion in the rat with the typical lesions of periar- 
teritis nodosa in man and believe that they are identical, not only as to structural aspects, but 
also as to location and the time interval for the production of the various stages. 


Their study on ‘“‘hypersensitivity angiitis” is limited to human pathology, namely, in patients 
dying with asthma or after sulfonamide therapy. While admitting that in structural aspects the 
vascular lesions in such patients are very similar to those of periarteritis nodosa “in the third 
stage,” the authors stress the difference in location, their common appearance in small vessels, 
arteriole and venule, in the lung, the spleen, and in the renal glomeruli, as well as in other viscera, 
and the relative freedom of the muscular arteries. They also emphasize the ‘‘one stage’’ appear- 
ance of the lesions of hypersensitivity in contrast to the varied appearance of ‘‘true periarteritis 
nodosa”’ in a case of long duration. . 


GOouLEY. 


Steiger, H. P., and Edeiken, J.: Further Observations of the Electrocardiographic 
Changes in Early Syphilis. Am. J. Syph., Gonor. & Ven. Dis. 32:391 (July), 1948. 


In forty cases of early syphilis, electrocardiographic studies were made before, during, and in 
some cases after penicillin therapy. Seventeen (42.5 per cent) of the forty cases showed abnormal- 
ities either before or during treatment, and of these, eleven showed definite changes before penicillin 
treatment was instituted. The electrocardiographic abnormalities found consisted of T-wave 
and in some instances RS-T segment changes in the limb and/or chest leads; in no instance was 
there any evidence of interference in conduction. These changes occurred in all stages of early 
infectious syphilis. Eight patients showing no physical or serologic evidence of syphilis were 
treated with the same amounts of penicillin as the seventy syphilitic patients. None of these 
eight patients showed any electrocardiographic changes during penicillin treatment. 


BELLET. 


1158 AMERICAN HEART JOURNAL 


Kirgis, H. D., and Reed, A. F.: Temporary Interruption of the Sympathetic Impulses 
to the Head by Infiltration of the Cervical Sympathetic Trunk. Ann. Surg. 128:101 
(July), 1948. 

On the basis of anatomic dissections on thirty-three cadavers and clinical trial in 200 patients, 
the authors came to the conclusion that infiltration of a suitable anesthetic agent about the sym- 
pathetic trunk at the level of the tuberosities of the fifth or sixth transverse process was an effec- 
tive means of blocking the sympathetic impulses of the head. The most generally successful 
procedure was the anterolateral approach, the needle being injected just posterior to the ster- 
nocleidomastoid muscle. The patient assumed the supine position with the head flexed and turned 
slightly to the opposite side. This made the bony landmarks easily accessible to the palpating 
finger. Frequently the tuberosities could more readily be felt by retracting the sternocleidomas- 
toid muscle and the contents of the carotid sheath medially. 

The actual technique consists of making a skin wheal along the posterior border of the ster- 
nocleidomastoid muscle, opposite the fifth or sixth cervical transverse process. The needle is 
then inserted and advanced until it is in contact with the lateral surface of the tip of the transverse 
process, then withdrawn slightly and reinserted along the anterior surface of the tuberosity. 
The injection is performed at a depth of approximately 0.5 cm. from the lateral extent of 
the transverse process. A typical Horner’s syndrome usually appeared after injection of from 
3.0 to 5.0 c.c. of a 1 per cent solution of procaine hydrochloride. 

ABRAMSON, 


Cesarman, T. E., and Martin, S. S.. New Pharmacological Aspects of Salicylates. 
Arch. Inst. Nac. Cardiol. de México 18:373 (July 31), 1948. 


Studies on normal subjects and rheumatic patients seem to prove that sodium salicylate and 
acetylsalicylic acid are eliminated slowly. 

A new method of determination was used and its accuracy was demonstrated. The optimum 
blood level was attained with doses administered every twelve hours. <A total dose of 0.1 Gm. 
of salicylate per kilogram of body weight was given in twenty-four hours and the concentration 
in the blood varied between 0.33 and 0.56 mg. per 100 cubic centimeters. Moderate doses of 
alkali made no appreciable change in the blood salicylate level. 

LUISADA. 


Terrier, J. C., Wakim, K. G., and Krusen, F. H.: The Effects of Occlusion With Various 
Pressures on the Blood Flow in the Lower Extremities. Arch. Phys. Med. 29:391 


(July), 1948. 


The present study was made in order to investigate the effects on the blood flow in the lower 
extremities, first, of single periods of five minutes of vascular occlusion at a pressure of 40, 80, or 
120 mm. of mercury; and second, of periods of one hour of intermittent venous occlusion, applied 
at a rhythm of three minutes of pressure alternating with three minutes of release. The measure- 
ments of blood flow were taken by means of venous occlusion plethysmography. 


Two series of observations were carried out on eight normal persons and on three patients 
whose circulation was moderately impaired by arteriosclerotic disturbances. After release of 
the occlusion with 40 mm. pressure, there were as many observations with a decrease of blood flow 
as there were with an increase. After release of the occlusion with 80 and with 120 mm. pressure, 
there were more observations with decrease than with increase of blood flow in either case. With 
intermittent venous occlusion the average final change of blood flow in all the observations was 
—5 per cent in the extremity treated with intermittent occlusion, and +9 per cent in the con- 
tralateral extremity, which was,used as a control. 

The authors conclude that) under the conditions of their study a short period of occlusion 
for five minutes or intermittent occlusion for one hour with various pressures does not seem to 


have any significant effects on the circulation in the lower extremities. 
KLINE, 
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Kayssi, A. I.: Death From Inhibition and Its Relation to Shock. Brit. M. J. 2:131 
(July 17), 1948. 


The author discusses the nature and mechanism of both primary and delayed shock syndromes» 
and of other phenomona related to quite different causes which are ordinarily confused 
with death due to inhibition. Formerly, it was common to speak of two kinds of death from 
inhibition, primary and secondary. The latter term was used to cover asphyxia and cardiac or 
respiratory syncope which was due to definite diseases to which the inhibition was regarded as 
being secondary. 

The author reports that out of 2,000 sudden deaths, there were only two cases which he could 
not explain except by the mechanism of inhibition. This was supported by the absence of any 
pathologic, traumatic, or toxic signs, and also by the circumstances which surrounded the fatalities. 
Death from inhibition covers all sorts of sudden death occurring within a few seconds, or not longer 
than two minutes, after trauma or peripheral excitation which is relatively simple and not in itself 
sufficient to cause death, No pathologic changes which would be likely to account for death 
must be present at the subsequent necropsy. All medicolegal authorities are satisfied that this 
kind of death is explicable only on a basis of the ‘‘arrest”’ or ‘“‘inhibition’”’ theory by excitation of 
some part of the vagus. Certain regions are of particular importance and also there must be a 
special personal sort of constitutional susceptibility which varies from individual to individual. 

The author emphasizes that death by inhibition is an entity. 


” 


BELLET. 


Borrie, J., and Barling, E. V.: Treatment of Chronic Varicose Ulcers by Lumbar Sym- 
pathectomy. Brit. M. J. 2:203 (July 24), 1948. 


The authors report the results of lumbar sympathectomy in four patients with long-standing 
chronic varicose ulcers. In all cases there were definite signs of associated vasospasm in the 
involved limb in the form of coldness and cyanosis of the skin. Preliminary lumbar paraver- 
tebral block uniformly produced marked cutaneous vasodilatation. Following operation, the 
ulcers became healed within three weeks and remained so throughout two winters. The authors 
also propose the view that when skin grafts are necessary, a preliminary sympathectomy will 
produce a much more favorable “‘soil’’ for the growth of the tissue. The importance of con- 
tinuing to wear an elastic stocking after operation to protect the skin from trauma from without 


and edema from within is stressed. 
ABRAMSON. 


Nudelman, P. L., Left, I. L., and Howe, C. D.: Thrombopenic Purpura Following 

Quinidine. J.A.M.A. 137:1219 (July 31), 1948. 

A 57-year-old white woman with hypertensive and rheumatic heart disease was treated with 
quinidine (0.6 Gm. daily) because of bouts of supraventricular tachycardia. There was no history 
of allergic disease, bleeding tendency, or previous quinidine therapy. After a total of 6.0 Gm. 
of the drug had been taken, gingival bleeding and generalized purpura developed, and the spleen 
became palpable. The bleeding time was prolonged to over 30 minutes; no clot retraction occurred 
in three hours; and the platelets numbered 4,000 per cubic millimeter. The erythrocyte count, 
total leucocyte count, hemoglobin concentration, and differential white cell distribution were 
within normal limits, and sternal marrow smear revealed no abnormalities. After quinidine was 
discontinued and a blood transfusion given, the platelets gradually increased in number, reaching 
187,000 per cubic millimeter sixteen days after the development of the purpura. Following 
recovery, a test dose of 0.1 Gm. of quinidine was administered, and within three hours the platelet 
count dropped to 1,000 per cubic millimeter and purpura, epistaxis, and bleeding from the gums 
appeared. Six hours after the test dose, the platelet count fell to zero. Transfusion was again 
resorted to, and gradual recovery ensued. 

The authors could find only one previous reference in the literature to thrombopenia follow- 
ing the administration of quinidine. 


HANNO. 
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Orbach, E. J.: Clinical Evaluation of a New Technic in the Sclerotherapy of Varicose 

Veins. J. Internat. Coll. Surgeons 11:396 (July-Aug.), 1948. 

The author describes a new technique for the injection therapy of varicose veins. This con- 
sists in the introduction of a small volume of air into the lumen of the vessel preceding the in- 
jection of the agent. This procedure prevents the initial dilution of the material by the blood. 
One cubic centimeter of air is aspirated into the syringe previously filled with the sclerosing agent 
while the syringe is held with the needle pointing upward. With the patient standing, the in- 
jection is made so that first the air and then the solution is injected. With regard to the possible 
danger of air embolism, the author points out that this never occurs when a small quantity of air 
is introduced into the saphenous veins or their tributaries. 

A number of different sclerosing agents were studied, both the conventional and the air- 
block methods being used. The results indicated that with the air-block procedure a greater 
incidence of obliteration was obtained than with conventional methods. A new sclerosing agent, 
Sotradecol (sodium tetradecyl sulfate) was found to be quite effective when used with the new 
technique. An average dose of 0.4 c.c. yielded complete obliteration in 87.7 per cent of the 
injections. This compared favorably with the 83.8 per cent of successful obliterations obtained 
with an average dose of 1.7 c.c. of fatty acid solutions, such as sodium morrhuate and monoethanol- 
amine. With the air-block procedure, no cases of slough followed, while with the conventional 
injection technique fifteen instances of postinjectional slough occurred. Such findings stressed 
the advantage of the new method in safeguarding against paravenous injections. 

The importance of minimal thrombosis is pointed out, and methods are discussed in relation 
to the advantage of production of venous obliteration by intimal concretion rather than by 
organization of large thrombi. In this *egard, it has been shown that a large thrombus is an ideal 
medium for recanalization. The distension of the veins after the injection of the sclerosing agent 
and the subsequent formation of large thrombi can be prevented by the application of firm band- 
ages following treatment. 

ABRAMSON, 


Mannheimer, E., Carlgren, L. E., and Graf, W.: Further Experience With the Hypoxia 

Tolerance Test of the Heart in Children. J. Pediat. 2:58 (July), 1948. 

The hypoxia tolerance test is performed by having the patient breathe 9 per cent oxygen for 
ten minutes and noting the effect of the test electrocardiographically and by means of the phono- 
cardiogram. A positive result is based on some of the following changes: depression of the RS-T 
intervals in Leads I and II of at least 1.0 mm.; development of negative or diphasic T; or To; 
marked changes in the length of the P-R interval; and the appearance of gallop rhythm. 

Studies were made in 365 children of whom ninety-one were considered to have normal cardio- 
vascular systems and the remainder were children with rheumatic heart disease, active myocarditis 
of other etiology, and congenital heart disease (100 cases). With a few exceptions the test was 
negative in the normal cases. In active rheumatic carditis and active myocarditis of other 
etiology, about three-fourths of the cases gavé positive results. Cases of healed carditis and of 
gallop rhythm gave a positive result in 25 per cent of the patients. Of fifty-three patients with 
patent ductus arteriosus, 64.1 per cent gave a positive result, whereas after operation, only 25 
per cent reacted positively. Of twenty cases of cyanotic heart disease, only one gave a positive 
reaction to the hypoxia test. 

JOHNSON. 


Burgess, A. M.: Excessive Hypertension of Long Duration. New England J. Med. 

239:75 (July 15), 1948. 

The author notes the inadequacy of published data bearing upon the prognosis in essential 
hypertension, especially in the obviously nonprogressive type. The records of private patients 
with hypertension seen since 1914 were reviewed. Individuals were selected for study in whom 
systolic pressures of 180 mm. Hg or higher or diastolic pressures of 100 mm. Hg or higher had 
existed for at least eight years without established cardiac or renal diseasé or other evidence of 
progression. In 90 per cent of these patients, the hypertension had existed prior to 1932. 


SELECTED ABSTRACTS 1161 


The average survival time was compared with average life expectancy of persons of the same age 
and sex. The group was then divided into three groups: living, dead, and incapacitated. They 
were also classified into groups according to age, sex, and degree of systolic and diastolic hyper- 
tension. 

Of the original 100 patients, forty-seven are living and fifty-three are dead. The average 
expectancy of life was exceeded by twenty-eight patients, some of whom are still living. The 
average person of the group lived out almost a normal life span. Of persons over 65 years of 
age when hypertension was first noted, all outlived life expectancy. Of the thirty-two persons 
less than 50 years of age when the hypertension was discovered, the average duration of life was 
more than fifteen years, but appreciably less than the life expectancy for persons of this age, 
which is about twenty-six years. Because of the small size of the series, definite conclusions 
regarding the influence of sex were not drawn. 

An elevated systolic pressure was not found to be especially unfavorable prognostically, 
even when pressures of 250 or over were observed. Conversely, in patients with a high diastolic 
pressure (120 or more on one or more occasions), the actual duration of life fell short of the normal 
expectancy by a considerably longer period than it did in the whole group. 


Since forty-seven of the group are still living, the average duration of life for the whole 
£ 
group will lengthen; hence, the prognosis is actually more favorable than indicated by the data. 


It is concluded that the individual with nonprogressive hypertension of at least eight years’ 
duration lives to within three or four years of his normal life expectancy. Although individuals 
less than 50 years of age are less likely to live out a normal life span than older individuals, the 
average length of life for this age group is fifteen years after the discovery of hypertension. 

This study has obvious significance in its bearing upon the selection of candidates for surgical 
management. A more extensive investigation, with the collaboration of a large number of physi- 


cians, is suggested. 
Kay. 


Major, S.: The Electrocardiogram in Catatonic Schizophrenia. New York State J. 

Med. 48:1489 (July), 1948. 

This paper is concerned with the study of fifty-two schizophrenics, thirty-six of the catatonic, 
and sixteen of the hebephrenic type with catatonic episodes. The age was limited to 35 years 
to eliminate from the study any cases of latent coronary artery disease. In all cases, there was 
no evidence of cardiac disease. 

The electrocardiographic findings departed from the normal in the following ways: extreme 
shortening of the P-R intervals; frequency of abnormal P and T waves in the chest leads; and the 
frequent occurrence of S-T segment depressions. Mixed electrocardiographic changes occurred 
many times in the cases described by the author. All of the patients in this study presented one 
or more signs of autonomic imbalance. It is probable that the electrocardiographic abnormalities 
under discussion are due to imbalanced autonomic activity causing alterations in the myocardial 


innervation and in the coronary blood supply. 
BELLET. 


Willius, F. A.: An Unusually Early Description of the So-called Tetralogy of Fallot. 
Proc. Staff Meet., Mayo Clin. 23:316 (July 7), 1948. 


The author had previously credited the eminent Dutch physician, Eduard Sandifort, with the 
first description, in 1777, of the combination of congenital cardiovascular defects which is still 
known as the “tetralogy of Fallot."" He now produces documentary evidence to show that the 
Dane, Niels Stensen, or Nicholas Steno, described this derangement in observations dated 1671- 
1672, his report antedating that of Sandifort by 105 years. 


ARKLESS. 
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Edwards, J. E., Clagett, O. T., Drake, R. L., and Christensen, N. A.: The Collateral 
Circulation in Coarctation of the Aorta. Proc. Staff Meet., Mayo Clin. 23:333 (July 21), 
1948. 

The anatomy of the collateral system of arteries in coarctation of the aorta accompanied by 

a closed ductus arteriosus is discussed in this portion of the symposium. The authors show that 

the subclavian arteries, through the communications of their branches, play the paramount role 

in carrying blood from the part of the aorta above the coarctation to that part below the coarcta- 
tion. The internal mammary, the intercostal, and the periscapular arteries bear the brunt of the 
anastomotic bridging. The anterior spinal artery has an important role. Contrary to usual 
statements, focal erosion of rib substance does not occur on the lower margin of the rib. It is 
observed on the inferior and anterior aspects of the main body of the rib, where it forms the wall 
cf the costal groove. 
Major disproportion between the size of the collateral channels on the two sides of the body 
may be used as a criterion in establishing the site of an unusual type of coarctation. 
ARKLESS. 


Christensen, N. A., and Hines, E. A., Jr.: Clinical Features in Coarctation of the Aorta: 
A Review of 96 Cases. Proc. Staff Meet., Mayo Clin. 23:339 (July 21), 1948. 


Of 119 patients with a diagnosis of coarctation of the aorta, the records of ninety-six were 
considered to be adequate for this study. Male patients predominated in the ratio of 3.8 to 1 (76 
to 20). The age range at the time of initial diagnosis was 4 to 59 years, although one individual 
who is being followed is now 67 years of age. Only 26 per cent were below the age of 20 years, the 
maximum deemed feasible for surgery. 

High blood pressure in the upper extremities was the most frequent presenting symptom 
(43 per cent). Other complaints included dyspnea, headaches, vertigo and dizziness, tachy- 
cardia and palpitation, and nosebleeds. The abdominal aortic and peripheral arterial pulsations 
of the lower extremities were described as feeble or not palpable in 84 per cent. While the pusa- 
tion of the large arteries is a more reliable guide to diagnosis in coarctation of the aorta than that 
of the smaller arteries of the legs, the converse is the more likely in occlusive arterial disease of the 
extremities. Pulsations of the arteries of the neck and upper extremities are frequently described 
as ‘“‘bounding.”’ Eighty-nine per cent of all patients had hypertension in the upper extremities. 
Six individuals of forty-nine had significant differences between the blood pressures in the two 
upper extremities. Positive evidence of collateral circulation was found in sixty-one of seventy- 
four individuals investigated. It was found most frequently over the scapular and interscapular 
regions. 

Ninety-four per cent of all patients had heart murmurs. The most frequent was a systolic 
bruit heard best at the base of the heart but extending up to the neck and to the interscapular 
region of the back. When diastolic murmurs occur, associated defects should be considered. 

Twenty-five per cent of individuals showed roentgenographic evidence of cardiac enlarge- 
ment. About one-third of the cases gave electrocardiographic evidence of left ventricular strain. 
Normal ocular fundi were found in only 22 per cent of patients examined. Renal function was 
normal in the many cases studied, unless complications were present. 

ARKLESS. 


Borden, R., and Cooper, D.: The Roentgen Appearance of the Chest in Diseases Affect- 
ing the Peripheral Vascular System of the Lungs. Radiology 51:44 (July), 1948. 


The small pulmonary blood vessels may be affected pathologically so that there is an in- 
creased permeability of their walls, which may or may not be associated with actual anatomic de- 
fects; or the pathologic changes may result in acute or progressive obstruction of their lumina 
leading to a marked reduction in the pulmonary vascular bed. The present paper deals with the 
first of these changes. ; 

Trauma: Nonpenetrating chest injury has been followed by pulmonary complications. 
Roentgenographically, these patients show shadows ranging from localized dense lobar consolida- 
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tions to a patchy lobular density, usually with pleural involvement. These shadows are charac- 
teristically evanescent when due to edema or hemorrhage and their rapid disappearance in serial 
roentgenogram serves to differentiate them from changes due to infection. 

Epidemic Influenza: Pathologically this is a classic example of an infectious agent acting 
directly upon the capillaries of the lung without producing anatomic change in the vessels. In 
serial x-ray studies done at six- to twelve-hour intervals an increasing haze is shown, enveloping 
the lungs from the periphery toward the hila, becoming more dense and confluent from hour to 
hour until no aerated lung remains visible. 

Disseminated Lupus Erythematosus: Here the essential lesion is a fibrinoid degeneration 
of collagen throughout the body, associated with a necrotizing arteritis involving arterioles, 
particularly in the kidneys and heart, but also in many other organs, including the lungs. The 
character and progression of the shadows in the x-ray films of the chest may be indistinguishable 
from the picture of epidemic influenza. 

Acute Rheumatic Fever: This is a collagenous degenerative disease with polyarteritis which 
selectively localizes in the heart but may also be found in many other organs. Although typical 
Ashoff bodies are not found in the lung, there may be multiple areas of perivascular exudation 
involving peripheral vessels which may heal and form perivascular nodules. The x-ray appear- 
ance is that of a diffuse haze involving the middle and upper portions of the lung fields in a rather 
symmetrical manner with the maximum density in the middle and outer pulmonic zone. If 
heart failure is present, the pneumonitic picture is obscured by the general vascular congestion. 

Exfoliative Dermatitis: A condition caused by many toxic agents; it is nonspecific in its 
pathologic manifestations. Pulmonary symptoms are common during the acute phase of the 
illness. Chest x-ray findings may be that of a diffuse “inflammatory” process disappearing in a 
few days and reappearing during exacerbation of the diseased process. Since the toxic manifesta- 
tions occur primarily in the small blood vessels of the skin and kidneys, it appears probable 
that similar focal vascular lesions account for the changes in the lungs. 

Acute Glomerulonephritis: The vascular changes are not limited to one organ. If one 
postulates increased arterial pressure or increased permeability of the capillary walls, or both, as 
the cause of peripheral subcutaneous edema, a similar explanation may be offered for the transient 
pleural effusions and pulmonary changes which will frequently be found if chest films are obtained. 

Periarteritis Nodosa: This is a disease syndrome with specific pathological findings and pro- 
tean clinical manifestations. The histologic lesion is a focal arteritis. Most patients, if not all, 
will show pulmonary x-ray changes at some time during the illness. In the acute form, the pul- 
monary changes are associated with signs and symptoms of acute pulmonary failure. The x-ray 
shadows are massive and extend symmetrically from the hilum to the middle lung zone, giving the 
appearance of a ‘“‘corona’’ around the mediastinum. It is thought that the sudden onset and the 
rapid clearing of these shadows are due to changes in permeability of the vessel walls such as occur 
in urticarial responses in the skin. In the chronic form, the x-ray changes are small, hazy shadows 
through the periphery of the lung fields associated with increased prominence of the pulmonary 
vascular markings. The peripheral and patchy nature helps differentiate it from inflammatory 
disease. Serial roentgen study shows a migratory pattern similar to Loeffler’s syndrome. 

Loeffler’s Syndrome: This condition is associated with migratory pulmonary shadows on 
roentgenograms and an eosinophilia in the blood and sputum. 

It is believed that conditions such as those discussed which have a similar background in 


pathology may also present a distinctive roentgen pattern in the lungs. 
ZION. 


Goodrick, W.: Pulmonary Edema. Radiology 51:58 (July), 1948. 

Roentgenographically, pulmonary edema may simulate many other conditions. Although 
the roentgen changes may vary considerably, certain features help to differentiate edema from 
other pulmonary diseases. These consist of (1) the diffuseness of the shadows throughout the 
lungs, with the exceptions of the apices and bases; (2) variability of the findings in serial roentgen 
study; and (3) pulmonary vascular and cardiac enlargement. 
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Although pulmonary edema is caused by or associated with a wide variety of pathologic 
conditions, the present discussion is limited to cardiac failure, nephritis, and excessive parenteral 
administration of fluids. The basic physiologic changes in these conditions are, singly or in com- 
bination, (1) an increased intracapillary pressure, (2) decreased osmotic pressure, and (3) altered 
permeability of the capillary walls. 

Pulmonary edema associated with left-sided cardiac failure is due to an increase in hydro- 
static pressure and capillary permeability. The increased hydrostatic pressure is a result of the 
tamponade effect on the pulmonary veins produced by left heart failure, whereas the increased 
capillary permeability results from anoxia and neurogenic influences. The roentgen picture 
differs, depending on whether the failure is acute or chronic. In chronic failure, the increase in 
hydrostatic pressure is slower in appearance and the effect of gravity and stasis in the dependent 
parts of the lung causes edema to occur there first. Pleural effusion is a frequent accompaniment. 
The upper lung fields are usually clear, although the vascular markings are more prominent than 
usual. In acute cardiac failure, there is a pronounced increase of the lung shadows, as a result of 
the impaired venous return from the lung. The edema tends to occur in the central portions of 
the lungs. The apices and bases are usually clear and there is seldom any associated pleural 
effusion. The causes for central edema in acute left heart failure are not well understood. The 
possibility that this is the result of less excursion in this portion of the lung and, therefore, more 
stasis, is suggested. 

Pulmonary edema associated with nephritis may be due to any one or a combination of the 
physiologic factors. With acute glomerulonephritis, edema may occur with normal serum 
protein levels, and with very little elevation of nonprotein nitrogen. Edema in these cases is due 
presumably to toxic factors. . If pulmonary edema occurs, it is usually due to an associated cardiac 
insufficiency. With late terminal glomerulonephritis, there is an elevated urea nitrogen and 
frequently elevated blood pressure and cardiac failure. The physiologic defect responsible for 
pulmonary edema in pure nephritis without cardiac failure is an increased capillary permeability. 
Why some capillaries are affected and others are not, is not clear. The chest films in these cases 
show focal areas of edema which may be localized or diffuse. There may be little enlargement 
of the vascular shadows or those of the heart. 

Large quantities of parenteral fluid may not be promptly excreted by the kidneys. The con- 
sequent increase in blood volume increases the hydrostatic pressure within the capillaries and causes 
diffusion of water, salt, and protein into the interstitial tissues. On x-ray examination, the heart 
is found to be enlarged.. There is an increase in vascular markings in the lung fields. Pleural 
effusion frequently accompanies the pulmonary edema. The location and extent of the edema 
vary on serial examinations. 

ZION. 


Freis, E. D., Stanton, J. R., and Wilkins, R. W.: The Effects of Certain Dihydrogenated 
Alkaloids of Ergot in Hypertensive Patients. Am. J. M. Sc. 216:163 (Aug.), 1948. 


Three new dihydrogenated alkaloids of ergot (dihydroergocornine, dihydroergokryptine, 
and dihydroergocristine) have been found to lower the blood pressure of a significant percentage 
of hypertensive patients following intravenous injection. The most effective were dihydro- 
ergocornine and dihydroergokryptine. The degree and duration of hypotensive activity were 
extremely variable in different subjects. 

These drugs have been shown to have sympatholytic, adrenolytic, and vagotonic properties: 
(a) Sympatholytic actions included the production of postural hypotension, the inhibition of 
hypertensive overshoots following depressor stimuli, diminution of reflex sympathetic vasocon- 
striction in the digits, and moderation of the cold pressor response. In addition, the drugs had a 
reduced hypotensive action following lumbodorsal splanchnicectomy. (b) Adrenolytic activity 
of dihydroergokryptine was demonstrated by inhibition of the hyperglycemic response to epineph- 
rine, and, under proper experimental conditions, diminution of the pressor response, tachycardia, 
and mydriasis, following epinephrine. (c) Evidence of vagal stimulation or of unopposed vagal 
activity was manifested by bradycardia and, in some cases, by nausea and vomiting. 
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No serious toxic reactions were observed. Nasal stuffiness occurred in almost every case. 
With the dosage used, the other side effects, notably nausea, vomiting and faintness, occurred in 
approximately twenty-five per cent of the patients tested. 

In selected cases dihydroergocornine was effective by the oral route, usually in doses approxi- 
mately ten to twenty times greater than the effective intravenous dose. However, such effective 
oral doses are so large as to be, for the present, neither practical nor economically feasible. The 
most serious limitations to the clinical use of these drugs are the development of side reactions in 
some patients and the absence of significant hypotensive effects in others. In addition, the 
production of postural hypotension, which these drugs have in common with all other sympatho- 
lytic agents, imposes a hardship on the patient. Long-term studies are needed for further evalua- 
tion of clinical usefulness. The possibility of using this drug as a test agent in predicting the 
outcome of splanchnicectomy is under investigation at present by the authors. 

DURANT. 


Luisada, A. A., and Fleischner, F. G.: Temporal Relation Between Contraction of 
Right and Left Sides of the Normal Human Heart. Proc. Soc. Exper. Biol. & Med. 
66:436 (April), 1947. 


The temporal relation between the contractions of the left and right heart chambers was 
studied by means of fluorocardiography with the simultaneous recording of two pulse tracings 
on one strip. The study was performed on eight normal subjects and included the observation 
of the pulsations of the aorta, the pulmonary artery, both auricles, and both ventricles. 

In all observations the contraction of the right auricle preceded that of the left auricle, and 
the contraction of the right ventricle preceded that of the left. The delay of action of the left 


chambers was found to be between 25 and 30 milliseconds. 
AUTHORS. 


Fischmann, E. J., and Gwynne, F. J.: The Heart in Rheumatoid Arthritis. Brit. 
Heart J. 10:125, 1948. 


This study was stimulated by the conflict between the clinical rarity of cardiac lesions and 
their frequent presence at necropsy in patients with rheumatoid arthritis. 

Sixty of 150 patients with rheumatoid arthritis were selected, after elimination of those 
without a typical picture, those with a history of rheumatic fever, those with chest deformity, 
and those unable to stand upright. All had advanced rheumatoid arthritis of considerable 
duration. 

Only three patients presented clinical manifestations of heart disease. One had a mitral 
diastolic murmur but no symptoms of heart disease. The other two had heart failure presumably 
due to coronary artery disease. Mild symptoms, such as dyspnea and palpitation, in a few pa- 
tients could be explained by the presence of anemia or general debility. One hundred thirty-one 
electrocardiograms were taken. One showed auricular fibrillation. Another had a P-Q interval 
of 0.22 second. Both of these were from patients sixty-nine years old. A third developed RS-T 
depression following chrysotherapy. Low voltage in the standard leads was the most frequent 
electrocardiographic abnormality. Five (8 per cent) had a voltage of 0.5 millivolt or less in all 
three leads. In eighteen (30 per cent) the voltage was 0.8 millivolt or less. Anemia and gener- 
alized wasting coincided with low voltage. Eight hearts were considerably enlarged and six 
moderately enlarged by roentgen study. Of these, seven had left ventricular enlargement alone, 
three had left ventricular and left auricular enlargement, and four had general enlargement 
of the heart. One had isolated enlargement of the left auricle. 

The authors assume that the absence of clinical symptoms is related to a milder myocardial 
process due to (1) the age of onset, (2) reduction of physical performance due to joint involve- 
ment, and (3) more gradual development of the rheumatic process. 


SOLOFF. 
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Duchosal, P. W., Ferrero, C., Doret, J. P., Andereggen, P., and Rilliet, B.: The Human 
Intracardiac Potentials Obtained by Catheterization. Cardiologia 13:113 (No. 3), 
1948. 


Three standard leads were taken simultaneously with the intracardiac potential by means of 
a four-channel electrocardiograph. The right arm was used as the site of the indifferent electrode 
for the intracavitary leads. Tracings were obtained in nineteen patients and one normal subject. 


The potentials of the right atrium and ventricle are from 0.5 to 3.0 millivolts for the former, 
and from 8.0 to 30 millivolts for the latter. The size of the QRS complex diminishes considerably 
as soon as the electrode leaves the ventricle; the voltage of the P wave falls when the electrode is 
outside the auricle. The intra-auricular P wave never begins earlier than the P wave of the 
standard leads. The P wave obtained from the inside of the left auricle in a case of interauricular 
septal defect was positive and late. In auricular fibrillation, the intra-auricular leads sometimes 
show large, well-marked, regularly recurring auricular oscillations during periods of as long as 
two seconds; between these periods the oscillations are small and irregular. From this behavior 
one may conclude that interference of several components plays a role in this arrhythmia. 


The ventricular tracing obtained from inside the right ventricle usually begins with a small 
R wave. In cases of right bundle branch block the intrinsicoid deflection is delayed from 0.04 
to 0.10 second. 


The majority of the premature contractions observed during the catheterization are ventric- 
ular. Their voltage is usually higher than that of the normotopic systoles and they originate in 
the right ventricle as evidenced by the immediate negativity of their QRS complex. Before the 
first signs of the presence of the extrasystole appear in the standard leads the intraventricular 
activity may already exist for 0.03 second and attain an amplitude of 10 millivolts. This fact 
is of considerable importance in confirming the theory of the distribution of electrical potentials 
of the heart to the periphery. 

BRUMLIK. 


DeCastro, G. L., and Carraseal, A. F.: Air Embolism and Its Treatment by ine Intra- 
venous Injection of a Carbon Suspension. Rev. Clin. Espafi. 28:215 (Feb.), 1948. 


The authors review the literature on air embolism and report two cases that developed 
severe cerebral manifestations with loss of consciousness and convulsive seizures following thera- 
peutic pneumothorax. The first patient died while the second one recovered promptly after the 
intravenous injection of 2.0 to 3.0 c.c. of a fine suspension of carbon. This preparation serves 
to absorb the free gas and thus relieves the symptoms produced by the mechanical obstruction 
to blood flow in either the greater or lesser circulation. The carbon suspension should be injected 
slowly and a paraffinated syringe is required to prevent settling of the preparation. 

The authors attempted to reproduce their single clinical cure experimentally in six rabbits 
without success. The animals died too quickly following the injection of air. ‘‘In vitro” experi- 
ments also failed to demonstrate the value of carbon suspension. 

GOLD. 


American Heart Association, Inc. 


1775 Broapway, New York 19, N. Y. 
Telephone Plaza 7-2045 


EXECUTIVE COMMITTEE OF THE SCIENTIFIC COUNCIL 


At its last meeting before the annual meeting in June, the Executive Committee of the 
Scientific Council recommended several changes in committee organization. 

It was voted to discharge the present Committee on Films and Slides and replace it by a 
committee whose function would be the consideration of all scientific educational material either 
distributed or approved by the American Heart Association, 

It was recommended to reactivate the Committee on the Standardization of Electrocardio- 
graphic Nomenclature to reconsider nomenclature and other pertinent matters of standards in 
this field. 

Approval was voted for a committee to recommend standards for election of future mem- 
bers to the Scientific Council. Another action called for consideration of a method of rotating 
membership of the Advisory Board on Cardiovascular Diseases to the American Board of In- 
ternal Medicine and the appointment of new personnel to gradually replace those who have 
served more than three years, with due consideration given to representation of wider group 
disciplines. 

Reporting on activities of the American Council of Rheumatic Fever, Dr. Rustin McIn- 
tosh cited two active projects in which the Council is now engaged. One of these is the main- 
tenance on a continuing basis of tke material collected on facilities and programs of care for 
rheumatic fever and rheumatic heért disease by the Helen Hay Whitney Foundation. The 
other project is a study of existing community rheumatic fever programs, primarily to evaluate 
the contribution these programs make to the medical care of persons with rheumatic fever and 
heart disease and to derive guiding principles of administration for satisfactory programs. 

Dr. Norman E, Freeman, reporting for the Section on Circulation, stated that a Research 
Study Committee has been appointed with Dr. Eugene A. Stead, Jr., Chairman, Dr. Robert 
W. Wilkins, and Dr. Geza de Takats, to whom requests for grants-in-aid regarding the circu- 
lation will be referred. 


TRAINING SCHOOL FOR CARDIOVASCULAR INVESTIGATORS 


The Training School for Cardiovascular Investigators, in the Department of Physiology, 
School of Medicine, Western Reserve University, is now open to enrollment. Support of this 
program in cooperation with the National Heart Institute was announced in the April issue. 
Dr. Carl J. Wiggers, Director of the Department of Physiology, will be in personal charge. 

A maximum of ten qualified graduates or undergraduates in medicine or related sciences 
will be accepted, the course to begin on July 1 or September 1, as enrollment warrants. There 
are no tuition fees and the Division of Research and Fellowships of the National Institute of 
Health in cooperation with the National Heart Institute will offer research fellowships to ac- 
ceptable candidates who require financial support. The American Heart Association's allo- 
cation of $16,170 will cover the cost of the training program. 

The year’s planned training includes formalized technical training in research methods em- 
ployed in cardiovascular studies on human subjects and animals (eight weeks), experimentation 
apprenticeship with the assistance of qualified investigators in basic animal research (eighteen 
weeks), supervised independent research (sixteen weeks), and supervised experience in prepa- 
ration of manuscript (six weeks). 

Inquiries or requests for applications should be addressed to Dr. Carl J. Wiggers, Western 
Reserve University School of Medicine, Cleveland 6, Ohio. 


1167 


1168 AMERICAN HEART JOURNAL 


FIELD STAFF APPOINTMENTS IN PUBLIC HEALTH DIVISION 


S. S. Lifson and W. George Gould have been appointed to the field staff of the American 
Heart Association’s Public Health Division. They are now serving under Dr. John W. Ferree, 
Director of the Division, Mr. Lifson as Supervisor of Field Services, and Mr. Gould as Field 
Consultant. 

Mr. Lifson, formerly associated with the National Health Council as Assistant Director of 
Community Organization, will assist in the development of field service programs and public 
health activities for affiliated heart associations. This is in line with the expanded program of 
community cardiac services now being developed among state and intermediate associations by 
the American Heart Association. Mr. Gould will assist in the organization of public heaith 
programs for affiliated heart associations in major areas throughout the United States. He is a 
former Associate Director, Division of Social Protection and Law Enforcement of the American 


Social Hygiene Association. 


FOURTEEN NATIONS REPRESENTED IN NEW EUROPEAN CARDIOLOGICAL SOCIETY 


Leading heart specialists from fourteen European countries met in Brussels late in January 
and formed the European Cardiological Society (Societe Européenne de Cardiologie). 

The announced aims of the Society, which is open to qualified cardiologists throughout the 
continent, are ‘‘to foster the development of cardiology, to further scientific exchanges, and to 
help personal contacts of those working in this specialty.” 

Delegates at the Brussels meeting came from Belgium, Denmark, Finland, France, Great 
Britain, Greece, Holland, Italy, Yugoslavia, Norway, Portugal, Spain, Sweden, and Switzerland. 

Provisional by-laws provide for a Council of seven and a Constitutive Committee repre- 
sented by a delegate from each of the countries. It is proposed to hold a biennial congress at 
intervals between those of the Inter-American Society of Cardiology. Ultimate collaboration 
with the latter group is envisioned to form an International Cardiological Society embracing 
both hemispheres. 

Officers chosen at the founding conference, all members of the Society’s provisional Council, 
are: Professor Charles Laubry (France), Honorary President; Professor Gustav Nylin (Sweden), 
President; Dr. D. Evan Bedford (Great Britain); Professor Jean Lenégre (France) and Professor 
Eduardo Coehlo (Portugal), Vice-presidents; Dr. Francois van Dooren (Belgium), General 
Secretary; and Dr. Ivan Mahaim (Switzerland), Treasurer. 


CORRECTION 


In a previous announcement, it was stated that the meeting of the International Cardiologi- 
cal Congress would be held in Paris during the first week of July, 1950. This was incorrect. The 
meeting is to be held during the first week in September, 1950. 
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gestive heart failure, 1152* 


Aneurysm, abdominal, with aorto-jejunal rup- 


ture (Pomerantz), 142 

arteriovenous, cardiac output and peripheral 
blood flow in, 830*: 

congenital, of right anterior sinus of 
Valsalva (interventricular aneurysm) 
with spontaneous rupture into left 
ventricle (Warthen), 975 

dissecting, of aorta, diagnosis of, by angio- 
cardiography (Golden and Weens), 

14 


ecchymosis of abdominal wall as early 
diagnostic sign of, 149* . 
of interventricular septum causing ob- 
struction of outflow tract of right 
ventricle secondary to coronary oc- 
clusion (Proc.), 660* 
false, tuberculous, of abdominal aorta with 
rupture into stomach (Scott et al.), 
820 
mycotic, of brachial artery after cure of 
bacterial endocarditis, 1155* 
saccular, traumatic, of thoracic aorta, 832* 
ventricular, electrocardiogram in (Rosenberg 
and Messinger), 267 
in cases of (Proc.), 630* 


Aneurysms of conus, trunk, and branches of 


pulmonary artery, serial tomographic 
study of thorax in diagnosis of (Proc.), 
662* 


Angina of effort, treatment of, with androgens, 


157* 
pectoris and acute myocardial infarction, 

clinical syndrome of cardiac pain in- 
termediate between: coronary fail- 
ure, 154* 

effect of inhalation of oxygen on electro- 
cardiographic changes induced by 
effort in (Proc.), 653* 

influence of infiltration anesthesia of pre- 
cordial region on occurrence of pre- 
cordial pain and on _ electrocardio- 
graphic changes in, 989* 

treatment of, with propylthiouracil, 464* 

upper abdominal pain and (Proc.), 625* 


Angiocardiography, diagnosis of dissecting an- 


eurysm of aorta by (Golden and 
Weens), 114 


*An asterisk (*) after a page number indicates the reference is an abstract and not an original 


article. 
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1190 


Anomalous chordae, thrombosis of, in right 
atrium (Chiari’s network) (Orbison), 
119 

Anoxemia studies, oximeter control of arterial 
oxygen saturation in, 844* 

tests, 1152* 

Anoxia, progressive, susceptibility of cats and 
dogs to, 993* 

Anticoagulant effects of heparin, neutraliza- 
tion of, with protamine (salmine), 
(Parkin and Kvale), 333 

Anticoagulants, further studies on, 996* 

Anticoagulation therapy with heparin-pitkin 
menstruum in management of coro- 
nary artery thrombosis and its com- 
plications (Loewe and Eiber), 701 

Antiscorbutic therapy, effect of, on results of 
tests for “capillary fragility’’; ‘‘capil- 
lary fragility” in hypertension, 997* 

Anxiety neurosis or effort syndrome, neuro- 

circulatory asthenia, 838* 

Aorta, abdominal, ligation and division of, 
for metallic embolus from heart: 
postoperative observations of circu- 
lation in extremities, 315* 

tuberculous false aneurysm of, with rup- 
ture into stomach (Scott et al.), 820 
and pulmonary artery, complete transpo- 
sition of; experimental observation 
on various shunts after corrective 
procedures, 456* 
arterial pressure waves in patient with co- 
arctation of, 990* 
ascending, calcification of, 994* 
as sign of syphilitic aortitis, 153* 
studies on twenty-one cases of coarcta- 
tion of (Shapiro), 1045 
coarctation of (Proc.), 676* 
surgical treatment of infantile type of, 
999* 
collateral circulation in coarctation of,1162* 
complete transposition of, and levoposition 
of pulmonary artery (Taussig and 
Bing), 551 
rapid deceleration and rupture of, 844* 
thoracic, traumatic saccular aneurysm of, 
832* 
Aortic atresia, congenital (Soloff), 123 
stenosis, calcareous, and coronary artery 
disease, 155* 

Aortitis, syphilitic, calcification of ascending 

aorta as sign of, 153* 
effect of antisyphilitic treatment on micro- 
scopic appearance of, 831* 

Aorto-jejunal rupture, abdominal aneurysm 
with (Pomerantz), 142 

Apex beat in rheumatic and luetic aortic in- 
sufficiencies; its relation to necropsy 
findings (Proc.), 658* 

Apical systolic murmur, 843* 

Arch, middle, on significance of (Proc.), 659* 

Arrhythmias, cardiac, effect of atabrine (qui- 
nacrine hydrochloride) on (Gertler 
and Yohalem), 79 

unusual, in patient recovering from shop 
typhus (Zuidema), 278 
Arteria pulmonar, pression de, 474 (B. Rev.) 


SUBJECT INDEX 


Arterial pressure adjustment, active partici- 
pation of arterial wall in (Proc.), 641* 
pulse and blood pressure in man, method 
for recording (Peterson et al.), 771 
Arteries, bronchial: anatomic study of 150 
human cadavers, 459* 
coronary, demonstration of, with nylon 
(Wagner and Poindexter), 258 
visualization, 473* 
skin, minute, studies on propagation of 
pulse into (Proc.), 640* 
transverse and longitudianal extensibility of, 
Arteriosclerosis obliterans of lower extremities, 
myocardial infarction resulting from 
intravenous administration of hyper- 
tonic solution of sodium chloride to 
patients with, 472* 
spontaneously occurring, of chicken, effect 
of low fat diet on (Horlick et al.), 689 


Arteriovenous fistula, acute, circulatory 
changes produced by, in dogs (Proc.), 
682* 


relief of headache by injection of procaine 
hydrochloride, 310* 

some aspects of subacute arteritis in later 
life, 146* 

Artery, pulmonary, complete transposition of 
aorta and; experimental observation 
on various shunts after corrective 
procedures, 456* 

levoposition of (Taussig and Hedlund), 

551 

right Aeart cavities, and interventricu- 
lar, septum, from angiocardiographic 
viewpoint (Proc.), 629* 

serial tomographic study of thorax in 
diagnosis of aneurysms of conus, 
trunk, and branches of (Proc.), 662* 

tomographic study of congenital dilata- 
tion of (Proc.), 636* 

Arthritis, rheumatoid, cardiac lesions in (Proc.), 

635* 
heart in; review of recent necropsy and 
clinical investigations (Proc.), 669* 
study of 360 cases of, and six of diffuse 
scleroderma; heart lesions in some 
rheumatic diseases not including 
rheumatic fever (Proc.), 667* 

Atabrine (quinacrine hydrochloride) effect of, 
on cardiac arrhythmias (Gertler and 
Yohalem), 79 

Atherosclerosis, aortic, experimental, effect of 
choline in prevention of, 841* 

chronic infection and, 841* 

effect of diethylstilbestrol on blood lipids 
and development of, in chickens on- 
normal and low fat diet, 1002* 

Atresia, aortic, congenital (Soloff), 123 

Atria, cardiac, pathology of; anatomic-electro- 
cardiographic correlation based on 
study of eighty-five human _ hearts 
(Proc.), 663* 

Atrioventricular bundle (bundle of His) ob- 
servations on anatomy of, and ques- 
tion of other myscular atrioventricu- 
lar connections in normal human 
hearts (Kistin), 849 
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Atrium, right, potential variations in (I); 


studies in intracardiac electrography 

in man (Levine et al.), 46 
thrembosis of anomalous chordae in, 

(Chiari’s network) (Orbison), 119 


Augmented unipolar electrocardiographic leads, 


analysis of relative accuracies of Wil- 
son and Goldberger methods for reg- 
istering unipolar and (Rappaport and 
Williams), 892 


Auricle, left, dynamics of, in mitral valve 


lesions, 309* 
systolic expansion of, in mitral disease 
(Proc.), 670* 
right, obliterating thrombosis of, 988* 


Auricles and ventricles, interaction between, 


466* 


Auricular fibrillation, variable loudness of first 


heart sound in (Rytand), 187 

muscle, mammalian, fast self-sustained ac- 
tivity of (Proc.), 670* 

paroxysmal tachycardia in association with 
myocardial infarction (Askey), 425 


Auriculoventricular dissociation, established, 


prefibrillary period during, with note 
on phonocardiograms obtained at 
such times (1); transient ventricular 
fibrillation (Schwartz et al.), 21 
Autointoxication, potassium, from hemolysis 
of red cells (Wener et al.), 881 
Axis-theory of electrocardiogram (Proc.), 687* 


B 


Bacterial infection, subacute, confined to right 
side of heart or pulmonary artery, 
clinical study of (Barker), 1054 
Ballistocardiogram, on significance of abnor- 
mal forms of, 996* 
Ballistocardiographic pattern, with special ref- 
erence to H-wave (Proc.), 656* 
Benzoate of sodium, action of procaine, salicy- 
late, and, on excitability of skeletal 
muscle and of nerve, 837* 
Beriberi heart disease. course of, in American 
prisoners-of- var in Japan, 303* 
Biliary tract disease, electrocardi: in, and 
during experimental bila, disten- 
tion, 462* 
Bipolar technique, simple, for analysis of vec- 
tor relationship between unipolar and 
standard electrocardiographic leads 
(Cohen and Glicksman), 952 
substances, synaptic, heart, on 
(Prec.), 640* 
Blood and t{ssues, absorption of khellin and 
its estimation in, 468* 
flow, coronary, cardiac work, and cardiac 
efficiency, influence of hypotension 
on, 990* 
and myocardial metabolism, coronary 
catheterization for studying, 833* 
measurement of, by nitrous oxide 
method, 833* 
effect of ulnar nerve block on, in reflexly 
vasodilated digit, 456* 
in extremities of man, effects of tetra- 
ethylammonium chloride on, 1002* 


Blocking 


Blood flow—Cont’d 


in human limb, effect of sympathectomy 
on, 990* 
in lower extremities, effects of occlusion 
with various pressures on, 1158* 
peripheral, and skin temperature, effects 
of various amino acids on, 152* 
cardiac output and, in arteriovenous 
aneurysm, 830* 
use of fluorescein for estimation of ade- 
quacy of, in extremities (Proc.), 654* 
vascular resistance, and oxygen consump- 
tion of brain in essential hyperten- 
sion, 152* 
lipids, effect of diethylstilbestrol on, and 
development of atherosclerosis in 
chickens on normal and low fat diet, 
1002* 
loss, peripheral, acute, experimental obser- 
vations on dogs following, pulmonary 
edema, 313* 
pressure and body temperature (Proc.), 668* 
arterial, puimonary, regulation of, 834* 
changes in response to electrical and 
chemical (acetylbetamethylcholine) 
stimulation of cerebral cortex in dogs, 
833* 
intra-arterial, and other physiological 
variables in man, effects of intra- 
venous injection of tetraethylammo- 
ium chloride on, 308* 
intracardiac, in human subjects and 
its relation to respiratory phases 
(Battro et al.), 11 
low, in diabetic coma, 830* 
lowered, changes in frontal and sagit- 
tal electrocardiogram of hypertensive 
subjects during experimentally pro- 
duced phase of (Proc.), 624* 
method for recording arterial pressure 
pulse and, in man (Peterson et al.), 
771 
variations in patients with intermittent 
claudication (Proc.), 649* 
weight and, 1000* 
pressures of chronic hypertensive dogs surviv- 
ing bilateral nephrectomy (Proc.), 
657* 
vessels, major, surgery of, 463* 
peripheral, new method for functional in- 
vestigation of (Proc.), 621* 
volume, observations on, as determined by 
plasma dye dilution and dilution of 
red cells tagged with radioactive 
phosphorus (Proc.), 649* 
whole, prolongation of coagulation of, by 
Dicumarol in man, 1156* 
Body build, normal electrocardiogram and s 
relation to, 987* 
Bogota, biometric profile of hypertensive pa- 
tients at (Proc.), 632* 
Brachial artery, mycotic aneurysm of, after 
cure of bacterial endocarditis, 1155* 
Brain, circulatory disturbances of central ori- 
gin in recent gunshot injuries of, 147* 
hypertension and tachycardia due to con- 
concussion of (Raab), 237 


| 


Brain—Cont'd 


of rheumatic patients, morphological evi- 
dence of specific inflammation in 


(Proc.), 629 


Bronchial arteries: anatomic study of 150 


human cadavers, 459* 


Bundle branch block, incomplete, experimen- 
tal and clinical electrocardiographic 


study of (Proc.), 677* 

pathogenesis of heart block and; mor- 
phologic study of cardiac conduction 
system, 835* 


“Caciva"’ technique assay of quinidine efiect; 
mechanism in pre-excitation (Proc.), 
657* 
Calcification of ascending aorta, 994* 
“Capillary fragility’ in hypertension: effect of 
antiscorbutic therapy on results of 
tests for “capillary fragility,”” 997* 
microscopy and related studies: localized 
vascular dilatations of human skin 
(Redisch and Pelzer), 106 
permeability in malnutrition, 469* 
Capitance-blood-pressure-manometer amplifier, 
new (Tompkins), 783 
Carbon 14, biosynthesis of radioactive digi- 
toxin using (Proc.), 632* 
dioxide, quantitative studies of ventilation 
during inhalation of, in normal and 
emphysematous patients (Holmat 
and Shires), 1101 
suspension, air embolism and its treatment 
by intravenous injection of, 1166* 
Cardiac arrhythmias, unusual, in patient 
recoverning from shop typhus (Zui- 
dema), 278 
conducting system (Proc.), 666* 
disease, irreversible, in adult life caused by 
delayed surgical closure of patent 
ductus arteriosus, 312* 
diseases, congenital, classification of, based 
upon hemodynamic principles: its use- 
fulness for clinical diagnosis (Proc.), 
656* 
failure, scoliosis and (Hill), 435 
fibrillation, polygraphic study of (Proc.), 
666* 
function and recovery time (Proc.), 687* 
muscle fibers, diameter of; study of diameter 
of muscle fibers in left ventricle in 
normal hearts and in left ventricular 
enlargement of simple hypertension, 
845* 
hyperplasia of, 1153* 
output, adequate, maintenance of, by regu- 
lation of urinary excretion of water 
and sodium chloride; essential factor 
genesis of edema, 472* 
pains, arterial orthostatic anemia with, 467* 
patients, contribution to study of erythro- 
blastemia in (Proc.), 633* 
plasma tocopherol levels in (Lemley et al.), 
1029 
Cardiogram obtained with improved technique, 
analysis of (Proc.), 637* 
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Cardiology, clinical, new applications of chest 
lead diagrams and _ circumferential 
leads in (Proc.), 643* 

Cardiopathies, incidence of, in 1,138 children 
of public schools in Uruguayana 
(Proc.), 658* 

Cardiovascular congenital malformations, re- 
marks about 500 cases of, examined 
in cardiological department of The 
Infants’ Municipal Hospital in Ha- 
vana during last thirteen years 
(Proc.), 661* 

disease, hypertensive, comparative evalua- 
tion of tetraethylammonium chloride 
and sodium amytal in patients with, 
997* 

transmission of sounds in (Proc.), 643* 
studies, with follow-up results, of victims of 
Texas City disaster (Proc.), 671* 


Cardio-vasculares, doencas, 475 (B. Rev.) 
Cardite reumatica, diagnostico das formas 


anatomo-clinicas da, 474 (B. Rev.) 


Carditis in poliomyelitis, 153* 
Carotid sinus nerves, technique for blocking, 


343” 


Catheterization, human intracardiac potentials 


obtained by, 1166* 

of coronary sinus in man (Culbertson et al.), 
942 

intracardiac, in study of congenital heart 
disease. Findings in interatrial 
septal defects (Proc.), 648* 


Causalgia following gunshot injuries of nerves. 


II. Signs and symptoms, with par- 
ticular reference to vasomotor dis- 
turbances, 459* 


Cavities, heart, right, pulmonary artery, and 


interventricular septum, from angio- 
cardicgraphic viewpoint (Proc.), 629* 


Cedilanid and quinidine, studies on combined 


effects of (Proc.), 685* 


Central terminal of Wilson as indifferent ref- 


erence point, experimental studies on 
validity of (Dolgin et al.), 868 

terminals, multiple, each connected to sepa- 
rate set of limb electrodes, potential 
differences between (Kert and Bry- 
ant), 1035 


Cerebral cortex, blood pressure changes in re- 


sponse to electrical and chemical 
(acetyibetamethylcholine) stimula- 
tion of, in dogs, 833* 

air embolism complicating stellate ganglion 
block, 1153* 

hemorrhage, relationship of retinal hemor- 
rhages in hypertensive patients to, 
997* 

paralysis, transient, in hypertension and in 
cerebral embolism, 306* 


Cerebrovascular disease, electroencephalogram 


in, 840* 


Cervical sympathetic trunk, temporary inter- 


ruption of sympathetic impulses to 
head by infiltration of, 1158* 


Cervicodorsal spine, osteoarthritis of, (radicu- 


litis) simulating coronary artery dis- 
ease, 1154* , 


Chagas’ heart disease, experimental (Proc.), 


646* 
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Chest lead diagrams and circumferential leads, 
new applications of, in clinical cardio- 
ology (Proc.), 643* 
Chicken, arterial hypertension in, 990* 
effect of low fat diet on spontaneously oc- 
curring arteriosclerosis of (Horlick 
et al.), 689 
Chloroform-adrenaline ventricular fibrillation, 
further studies on antifibrillatory ac- 
tion of coronary dilator drugs in 
(Proc.), 651* 
Choline, effect of, in prevention of experimen- 
tal aortic atherosclerosis, 841* 
Cigarettes with varying nicotine content, 
some effects on circulation of smoking 
(Mathers et al.), 612 
Circulation, collateral, in coarctation of aorta, 
1162* 
coronary, autonomy of, 469* 
studies on. IV. Effect of shock on heart 
and its treatment (Corday et al.), 560 
further studies of, with radioactive erythro- 
cytes (Nylin and Hedlund), 543 
in patients with isolated septal defects (V); 
physiological studies in congenital 
heart disease, 1000* 
peripheral vascular diseases, hypertension, 
and, effects of Priscol (2-benzyl-4, 
5-imidazoline HCl) on, in patients, 
147* 
pulmonary, studies of, at rest and during 
exercise in normal individuals and in 
patients with chronic pulmonary 
disease, 834* 
some effects on, of smoking cigarettes with 
varying nicotine content (Mathers 
et al.), 612 
studies on, with aid of tagged erythrocytes 
in case of orthostatic hypotension 
(asympathicotonic hypotension), 155* 
heart’s electrocardiographic diag- 
nosis of disturbances of (Unghvary), 
582 
Circulatory arrest, changes produced by exer- 
cising ischemic muscle. I. Preliminary 
observations, 989* 
modifications in man after ingestion or in- 
fusion of fluid (Proc.), 647* 


venous 


system, effect of acutely induced hypo- 
thermia on (Proc.), 664* 
Claudication, intermittent, blood pressure 


variations in patients with (Proc.), 
649* 
Coz:rctation of aorta, clinical features in, 1162* 
studies on twenty-one cases of (Shapiro), 
1045 
surgical treatment of infantile type of, 
999* 
Conducting system, cardiac, (Proc.), 666* 
Congestive failure, chronic, severe, role of im- 
paired renal hemodynamics in unre- 
sponsiveness to mercurial diuretics 
observed in (Proc.), 686* 
effect of lanatoside C on circulation of 
patients with, 838* 
Cor pulmonale, bilharzial, radiological study 
of, 836* 


1193 


Cor pulmonale—Cont'd 
chronic, contribution to 
(Irvin), 1144 

study of 150 cases of (Proc.), 683* 
Coronary arteries, demonstration of, with 
nylon (Wagner and Poindexter), 258 
arteriovenous fistula (Paul et al.), 441 
artery disease, ambulatory, common sense 
management of (Proc.), 629* 
calcareous aortic stenosis and, 155* 
osteoarthritis of cervicodorsal spine 
(radiculitis) 1154* 
circulation, observations on action of ergono- 
vine on, and its use in diagnosis of 
coronary artery insufficiency (Stein), 
36 
disease, general outlook on (Proc.), 665* 
diseases, importance of psychic components 
of pain in course of (Proc.), 633* 
failure: clinical syndrome of cardiac pain 
intermediate between angina pectoris 
and acute myocardial infarction, 154* 


pathogenesis of 


flow in auricular and ventricular tachy- 
cardias (Proc.), 685* 
obstruction, acute or subacute, clinical- 


electrocardiographic syndrome of 
(Proc.), 683* 
sinus, catheterization of, in man (Culbert- 
son et al.), 942 
thrombosis, acute, blood serum cholestero! 
and ester levels in 200 cases of: 
cholesterol metabolism, 149* 
vasodilator action of khellin (Anrep et al.), 
531 
Costa Rica, comments on two rare diseases 
in, 831* 
CR, CL, CF, and V leads, comparison of pre- 
cordial electrocardiograms obtained 
with (Dolgin et al.), 343 
Cuff pressures, differential, at bases of ex- 
tremities, postural changes in vital 
capacity with, 991* 
Curarized patients, electrocardiogra phic 
changes following electroshock ther- 
apy in (Hejtmancik et al.), 790 
Cyanotic infant and child, especially care of; 
tetralogy of Fallot, 456* 
Cytochrome C therapy of tissue anoxia in 
case of hepatolenticular degenera- 
tion, 843* 


D 


Degeneration, medial, as primary lesion in 
coronary sclerosis of cockerels (I); 
experimental coronary sclerosis, 992* 

Desoxycorticosterone acetate, immediate pres- 
sor effect of, in arterial hypertension, 

influence of sodium chloride upon actions 
of (Selye et al.), 1009 

Dextrocardia, congenital, with situs inversus 
complicated by hypertensive heart 
disease; reversal of hypertensive 
changes following thoracolumbar sym- 
pathectomy (Kalter), 970 

Diabetic coma, low blood pressure in, 830* 

Diamines, sympathomimetic, pharmacologic 
properties of, 308* 
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Diastolic murmurs, basal, graphic registration 
of (Wells et al.), 586 

Dicumarol, experimental study of comparative 
action of heparin and, on in vina 
clot, 1001* 

efficacy of heparin and, in prevention of 
arterial and venous thrombosis, 465* 

prolongation of coagulation of whole blood 
by, in man, 1156* 

therapy in acute coronary occlusion with 
myocardial infarction, 995* 

Diet, low fat, effect of, on spontaneously oc- 
curring arteriosclerosis of chicken 
(Horlick et al.), 689 

rice, value of, in treatment of essential 
arterial hypertension (Proc.), 622* 

value of, in management of hypertension 
(Proc.), 636* 

Diethylstilbestrol, effect of, on blood lipids 
and development of atherosclerosis 
in chickens on normal and low fat 
diet, 1002* 

Dig? aline preparations, relative value of, in 
heart failure with auricular fibrilla- 
tion, 987* 

Digitalis, comparative study of intravenous 
pigeon and intravenous cat method 
in assay of, 308* 

glycoside, serum concentration of, and its 
rate of disappearance in patients 
after parenteral digitalization (Proc ), 
623* 

purpurea leaf preparations in man, compara- 
tive studies on oral and intravenous 
administration of (Proc.), 653* 

Digitalization, parenteral, serum concentra- 
tion of digitalis glycoside and its rate 
of disappearance in patients after 
(Proc.), 623* 

rapid, 986* 

report of case apparently induced by: vago- 
vagal syncope (Correll and Lindert), 
446 

Digitoxin cogenersas, isodynamic equivalents 
of, tested on hypodynamic myo- 
cardium, 459* 

intoxication, 309* 
radioactive, biosynthesis of, using carbon 
14 (Proc.), 632* 

Dihydroergocornine methanesulfonate (D.H.O. 
180), treatment of arterial hyperten- 
sion with (Proc.), 679* 

Dilatations, vascular, localized, of human skin: 
capillary microscopy and_ related 
studies (Redisch and Pelzer), 106 

“Diodrast,”” sudden death following intra- 
venous administration of, 154* 

Diphtheria and coronary occlusion, 988* 

Diuretics, mercurial, intravenous administra- 
tion of, in man; immediate effect on 
electrocardiogram, 834* 

immediate fatalities after, 305* 

Drugs, coronary dilator, further studies on 
antifibrillatory action of, in chloro- 
form-adrenaline ventricular _ fibrilla- 
tion (Proc.), 651* 

effects of ions and, upon myocardial rhythms 

induced at anode and cathode applied 
to mammalian ventricle (Proc.), 638* 


Ecchymosis of abdominal wall as early diag- 
nostic signs of dissecting aneurysm of 
aorta, 149* 
Edema, cardiac, resistant, reciprocal action of 
water, sodium, and acids in (Proc.), 
673* 
hereditary, (Milroy’s disease), 994* 
pulmonary, 1163* 
experimental observations on dogs follow- 
ing acute peripheral blood loss, 313* 
following vagotomy, importance of pres- 
sure factors in genesis of, 991* 
Effect of spinal anesthesia on renal ischemia 
in congestive heart failure, 1152* 
Einthoven triangle, on possibility of construct- 
ing, for given subject (Wilson et al.), 
493 
Electrical alternans, mechanism in Wencke- 
bach’'s periods and (Proc.), 656* 
systole (Q-T interval) behavior of, in rheu- 
matic disease in children (Proc.), 680* 
Electrocardiogram, axis-theory of (Proc.), 687* 
effect of ergotamine preparations on (Proc.), 
673* 
of hypopotassemia on (Proc.), 622* 
endocardial, under pathological conditions 
of pericardium and of myocardium 
(Proc.), 628* 
esophageal, clinical value of 986* 
frontal and sagittal, of hypertensive sub- 
jects, changes in, during experimen- 
tally produced phase of lowered blood 
pressure (Proc.), 624* 
human, following changes of altitude en- 
vironment, some observations on 
(Proc.), 620* 
on changes of T wave and RS-T segment 
of (Proc.), 639* 
in biliary tract disease and during experi- 
mental biliary distention, 462* 
n cases of ventricular aneurysm (Proc.), 
630* 
in catatonic schizophrenia, 1161* 
in congenital heart disease (Proc.), 682* 
in familial periodic paralysis (Perelson and 
Cosby), 1126 
in “in extremis.”” Clinical death and bio- 
logical death (Proc.), 653* 
in pneumoperitoneum including augmented 
unipolar limb leads and unipolar chest 
and esophageal leads (Proc.), 631* 
in ventricular aneurysm (Rosenberg and 
Messinger), 267 
normal, and its relation to body build, 987* 
of myocardial infarction, modification of, 
by anomalous atrioventricular ex- 
citation (Wolff-Parkinson-White syn- 
drome) (Kistin and Robb), 249 
unipolar leads of, in left ventricular enlarge- 
ment (Proc.), 627* 
in right ventricular enlargement (Proc.), 
627* 
Electrocardiograms, doubtful, ventricular gra- 
dient in (Dolgin and Katz), 1 
during exercise test, considerations on, 466* 
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SUBJECT 


Electrocardiograms—Cont’d 
precordial, obtained with CR, CL, CF, and 
V leads, comparison of (Dolgin et al.), 
343 

Electrocardiographic and pathologic findings 
in anteroposterior infarction, correla- 
tion of (III) (Myers et al.), 205 

in lateral infarction, correlation of (VII) 

(Myers et al.), 374 

changes in early syphilis, further observa- 
tions of, 1157* 

on tilting (Newton), 1090 

diagnosis of disturbances of heart’s venous 
circulation (Unghvary) 582 

leads, unipolar (Bryant et al.), 321 

Electrocardiography, illustrative, 477 (B. Rev.) 

Electrography, intracardiac, studies in man. 
I. Potential variations in right atrium 
(Levine et al.), 46 

Il. Potential variations in right ven- 
tricle (Levine et al.), 64 

Electroencephalogram in cerebrosvascular dis- 
ease, 840* 

Electroshock therapy, electrocardiographic 
changes following, in curarized pa- 
tients (Hejtmancik et al.), 790 

fatality in, 836* 

Elektrophysiologie. I. Band: 
Elektrophysiologie. II. 
cielle Elektrophysiologie, 
Rev.) 

Embolism, air, and its treatment by intra- 
venous injection of carbon suspen- 
sion, 1166* 

cerebral, complicating 
block, 1153* 
amniotic fluid, 841* 
arterial, peripheral (Proc.), 662* 
cerebral, transient cerebral paralysis in hy- 
pertension and in, 306* 

Embolus, metallic, from heart, ligation and 
division of abdominal aorta for: 
postoperative observations of circu- 
lation in extremities, 315* 

Emphysema, pulmonary, and right heart 
strain, factor of, in uncomplicated 
pulmonary fibrosis (pneumoconiosis) 
(Proc.), 630* 

Emphysematous patients, normal and quan- 
titative studies of ventilation during 
inhalation of carbon dioxide in (Hol- 
man and Shires), 1101 


Allegemeine 
Band: Spe- 
477 (B. 


stellate ganglion 


Endangiitis obliterans: contraindication to 
stomach resection, 994* 

Endocarditis, abacterial, subacute (Proc.), 
642* 

bacterial, mycotic aneurysm of brachial 


artery after cure of, 1155* 
streptomycin treatment of, 301* 
studies relative to chemotherapy of 
(Proc.), 654* 
subacute, 311* 
bone and joint pain in leucemia, simu- 
lating rheumatic fever and, 308* 
follow up of twenty-one cases of, after 
two to more than four years follow- 
ing recovery (Proc.), 665* 
mixed infection in 839* 
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Endocarditis, bacterial, subacute—Cont’d 
treatment of, with penicillin in oil and 
beeswax (Proc.), 684* 
valvular, bacterial, healed, primary, with 
multiple myocardial infarcts (Proc.), 
630* 
“Endocrine kidney,” influence of diet upon 
nephrosclerosis, periarteritis nodosa, 
and cardiac lesions produced by, 151* 
Ephedrine, adrenaline, and Methedrine, action 
of, on circulation in man, 829* 
Epilepsy, cardiovascular (Proc.), 642* 
Epinephrine action, inhibition of, in severe 
hypoxemia, 991* 
effects of acetylcholine and, on ventricular 
muscle of mammalians (VI); studies 
of flutter and fibrillation, 828* 
Epinephrine-acetylcholine reaction, paradoxi- 
cal, in coronary insufficiency (Proc.), 
655* 
Epithelium-like inclusions in heart, 302* 
Ergonovine, observations on action of, on 
coronary circulation and its use in 
diagnosis of coronary artery insuf- 
ficiency (Stein), 36 
Ergot, effects of certain dihydrogenated alka- 
loids of, in hypertensive patients, 
1164* 
Ergotamine preparations, effect of, on electro- 
cardiogram (Proc.), 673* 
Erythroblastemia in cardiac patients, contri- 
bution to study of (Proc.), 633* 
Erythrocytes, radioactive, further studies of 
circulation with (Nylin and Hed- 
lund), 543 
Esophageal electrocardiogram, clinical value 
of, 986* 
potentials, intracavity and, in right ven- 
tricular hypertrophy (Schlesinger et 
al.), 1110 
Excitation, atrioventricular, anomalous, na- 
ture of paroxysmal tachycardia in 
(Proc.), 668* 
(Wolff-Parkinson-White syndrome), 
modification of electrocardiogram of 
myocardial infarction by (Kistin and 
Robb), 249 
effect of, on  electrocardiogram 
(Master ‘‘two-step”’ test) in diagnosis 
of coronary insufficiency, 998* 
Extremities, postoperative observations of cir- 
culation in: ligation and division of 
abdominal aorta for metallic embolus 
from heart, 315* 
postural changes in vital capacity with dif- 
ferential cuff pressures at bases of, 


Exercise, 


991* 
F 
Fagarine, clinical observations with (Proc.), 
674* 


Failure, heart, of hypertension, surgical treat- 
ment of hypertensive heart disease 
and of (Chavez and Mendez), 523 

Fallot, unusually early description of so-called 
tetralogy of, 1161* 

Felty’s syndrome with cyclic agranulocytosis, 
case of, 313* 
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Fever in myocardial infarction (Proc.), 680* 
Fibrillation, atrial, induced by epinephrine in 
hypothermic dogs (Grant et al.), 1081 
auricular, etiology of, and mechanism of 
its perpetuation (Proc.), 674* 
relative value of digitaline preparations 
in heart faulure with, 987* 
studies in heart block and (Proc.), 679* 
variable loudness of first heart sound in 
(Rytand), 187 
with anomalous A-V conduction (WPW 
syndrome) imitating ventricular par- 
oxysmal tachycardia (Proc.), 645* 
cardiac, polygraphic study of (Proc.), 666* 
studies of flutter and. VI. Effects of acetyl- 
choline and epinepkrine on ventricu- 
lar muscle of mammalians, 828* 
ventricular, chloroform-adrenaline, further 
studies on antifibrillatory action of 
coronary dilator drugs in (Proc.), 
651* 
recurrent, transient, Morgagni-Adams- 
Stokes attacks caused by, in patient 
without apparent organic heart dis- 
ease (Moe), 811 
without apparent organic heart disease, 
case of Morgagni-Adams-Stokes at- 
tacks caused by, 472* 
transient. I. Prefibrillary period during 
established auriculoventricular  dis- 
sociation with note on phonocardio- 
grams obtained at such time (Sch- 
wartz et al.), 21 
II. Effects of gradually induced oxygen 
deficiency on patients with transient 
ventricular fibrillation and on _ pa- 
tients with periodic standstill of 
ventricle (Schwartz et al.), 918 
Fibrosis, pulmonary, uncomplicated (pneumo- 
coniosis) factor of pulmonary em- 
physema and right heart strain in 
(Proc.), 630* 
Films, four by five inch, heart size in, 458* 
Fistula, arteriovenous, coronary (Paul et al.), 
441 
Fluid, circulatory modifications in man after 
ingestion or infusion of (Proc.), 647* 
Fluorescein, use of, for estimation of adequacy 
of blood flow in extremities (Proc.), 
654* 
Fluorocardiography in normal subjects, studies 
of, 301* 
studies of: tracings of left ventricle in myo- 
cardial infarction (Proc.), 648* 
Flutter and fibrillation, studies of. VI. Effects 
of acetylcholine and epinephrine on 
ventricular muscle of mammalians, 
828* 
auricular, effect of sympathetic stimulation 
on (Scherf), 1069 
Friedreich’s ataxia with unusual heart com- 
plications, 157* 


G 


Gangrene following intra-arterial injection of 
Myanesin, 1003* 


SUBJECT INDEX 


Gelatin sponge ‘‘cuff’’ and chromic surgical 
gut sheath, control of arterial hemor- 
rhage by: new experimental method, 
312* 

Ghon tuberculosis, primary, active, pericarditis 
with (Proc.), 659* 

Glycerin, circulatory effects of new sulphuric 
ester of (Proc.), 652* 

Glycosides, adonis vernalis, bio-assay of, 314* 

Goldberger, Wilson and, methods for register- 
ing unipolar and augmented unipolar 
electrocardiographic leads, analysis of 
relative accuracies of (Rappaport and 
Williams), 892 

Gunshot injuries, recent, of brain, circulatory 
disturbances of central origin in, 147* 

Gut sheath, surgical, chromic, control arterial 
hemorrhage by gelatin sponge ‘‘cuff”’ 
and: new experimental method, 312* 


H 


H wave, ballistocardiographic pattern, with 
special reference to (Proc.), 656* 
Havana, remarks about 500 cases of cardio- 
vascular congenital malformations 
examined in cardiological department 
of The Infants’ Municipal Hospital 
in, during last thirteen years (Proc.), 
661* 
Hawaii, rheumatic fever in (Proc.), 639* 
Heart and pericardium, battle wounds and in- 
juries of, 999* 
atrophy of; clinical, pathological, electro- 
cardiographic correlation in 85 proven 
cases (Proc.), 672* 
block and auricular fibrillation, studies in 
(Proc.), 679* 
and bundle branch block, pathogenesis of ; 
morphologic study of cardiac con- 
duction system, 835* 
complete, 301* 
complicating pregnancy (Zimdahl and 
Zimmermann), 1135 
clinical study of subacute bacterial infection 
confined to right side of, or pulmo- 
nary artery (Barker), 1054 
disease, adreno-sympathogenic (neurohor- 
monal factors in pathogenesis and 
treatment), 305* 
beriberi, course of, in American prisoners- 
of-war in Japan, 303* 
Chagas’, experimental (Proc.), 646* 
congenital, arterial oxygen saturation in 
cyanotic types of, 301* 
electrocardiogram in (Proc.), 682* 
intracardiac catheterization in study of. 
I. Findings in interatrial septal de- 
fects (Proc.), 648* 
physiological studies in. V. Circulation 
in patients with isolated septal de- 
fects, 1000* 
hypertensive, surgical treatment of, and of 
heart failure of ‘hypertension (Chavez 
and Méndez), 523 
of pregnancy (Proc.), 641* 


SUBJECT 


Heart and pericardium—Cont’d 
organic, apparent, Morgagni - Adams - 
Stokes attacks caused by transient 
recurrent ventricular fibrillation in 
patient without (Moe), 811 
statistical studies of, 1151* 
tuberculous, 466* 
use of vitamin E in, 460* 
vitamin E in, 464* 
effect of shock on, and its treatment (IV); 
studies on coronary circulation (Cor- 
day et al.), 560 
epithelium-like inclusions in, 302* 
failure, congestive, experience with Schemm 
regimen in treatment of, 302* 
effect of spinal anesthesia on renal 
ischemia in, 1152* 
hyperproteinemia in (Proc.), 678* 
hypervolemic, experimental (Proc.), 638* 
hemangio - endothelioblastoma of (Amster- 
dam et al.), 291 
human, conduction in re-entry pathways in 
(Proc.), 648* 
normal, temporal relation between con- 
traction of right and left sides of, 
1165* 
of human embryo, neural response and re- 
actions of, 832* 
parchment (Osler), (Proc.), 675* 
penetrating wounds of; clinical, radiologi- 
cal, and electrocardiographical study 
(Proc.), 624* 
rate, periodicity in body temperature and, 
151* 
revascularization of, by graft of systemic 
artery into coronary sinus, 307* 
size in four by five inch films, 458* 
sound, first, variable loudness of, in auricu- 
lar fibrillation (Rytand), 187 
synaptic blocking substances, on (Proc.), 
640* 
valves of various laboratory animals, move- 
ments and sounds of (motion picture 
with sound recordings) (Proc.), 676* 

Heart-lung or heart-lung-organ preparation, 
new technique for rapid production 
of (Proc.), 681* 

Hearts, human, normal, observations on 
anatomy of atrioventricular bundle 
(bundle of His) and question of other 
muscular atrioventricular connections 
in (Kistin), 849 

Heating and cooling epicardial and endocardial 
surfaces of dog ventricle, comparison 
of electrocardiographic changes pro- 
duced by, 993* 

Hemangio-endothelioblastoma of heart (Ams- 
terdam et al.), 291 

Hemodynamic principles, classification of con- 
genital cardiac diseases based upon: 
its usefulness for clinical diagnosis 
(Proc.), 656* 

Hemodynamics, renal, impaired, role of, in 
unresponsiveness to mercurial diu- 
retics observed in severe chronic con- 
gestive failure (Proc.), 686* 
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Hemorrhage, arterial, control of, by gelatin 
sponge “‘cuff’’ and chromic surgical 
gut sheath: new experimental method, 
312” 

Hemorrhages, retinal, in hypertensive patients, 
relationship of, to cerebral hemor- 
rhage, 997* 

Heparin and Dicumarol, experimental study of 
comparative action of, on in vivo clot, 
1001* 

efficacy of, in prevention of arterial and 

venous thrombosis, 465* 

neutralization of anticoagulant effects of, 
with protamine (salmine) (Parkin and 
Kvale), 333 

pitkin menstruum, anticoagulation therapy 
with, in management of coronary 
artery thrombosis and its complica- 
tions (Loewe and Ejiber), 701 

Hepatolenticular degeneration, cytochrome C 
therapy of tissue anoxia in case of, 
843* 

Hyperemia, venous, intermittent, place of, in 
treatment of obliterative vascular dis- 
ease, 839* 

Hyperglycemia, hypertension and, induced by 
adrenaline, action of hyperoxygena- 
tion on, 314* 

Hyperoxygenation, action of, on hypertension 
and hyperglycemia induced by ad- 
renaline, 314* 

Hyperplasia of cardiac muscle fibers, 1153* 
Hyperpotassemia, cardiac changes in uremia 
with special reference to, 986* 
Hyperproteinemia in heart failure (Proc.), 

678* 

Hypersensitivity, differentiation between vas- 
cular lesions of periarteritis nodosa, 
and of (III); studies on periarteritis 
nodosa, 1156* 

Hypertension and hyperglycemia induced by 
adrenalin, action of hyperoxygena- 
tion on 314* 

and tachycardia due to concussion of brain 
(Raab), 237 

application of microplethysmography to 
evaluation of patients with (Proc.), 
650* 

arterial, essential, value of rice diet in treat- 
ment of (Proc.), 622* 

immediate pressor effect of desoxycorti- 
costerone acetate in, 1155* 

in chicken, 990* 

normal values of arterial pressure and 
frequency of, in high altitudes (Proc.), 
670* 

treatment of, with dihydroergocornine 
methanesulfonate (D.H.O. 180) 
(Proc.), 679* 

“capillary fragility” in: effect of antiscor- 
butic therapy on results of tests for 
“capillary fragility,’’ 997* 

essential, blood flow, vascular resistance, 
and oxygen consumption of brain in, 

renal dynamics in, effect of sympathec- 
tomy (Proc.), 644* 
sympathectomy for, 309* 
etiology and surgical treatment, 145* 
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Hypertension—Cont’d 

excessive, of long duration, 1160* 

its value in differential diagnoses of; new 
stain for urinary sediments (Proc.), 
678* 

malignant, intestinal lesions in, with report 
of case, 315* 

problem of, and its treatment by splanch- 

nic resection, 156* 

nonmalignant, progressive, treatment of, 
in older age group (Proc.), 621* 

obesity and, 311* 

peripheral vascular diseases, and circulation 
in patients, effects of Priscol (2- 
benzyl-4, 5- imidazoline HCl) on, 147* 

prepregnant, treated by splanchnicectomy, 
toxemia superimposed upon, 465* 

simple study of diameter of muscle fibers in 
left ventricle in normal hearts and in 
left ventricular enlargement of: dia- 
meter of cardiac muscle fibers, 845* 

surgical treatment of hypertensive heart dis- 
ease and of heart failure of (Chavez 
and Méndez), 523 

sustained, pheochromocytomas coexisting in 
adrenal gland and _ retroperitoneal 
space, with, 462* 

thiouracil in treatment of (Proc.), 665* 

transient cerebral paralysis in, and in cere- 
bral embolism, 306* 

value of diet in management of (Proc.), 636* 

Hypertensive disease of pregnancy, splanch- 

nicectomy in relation to (Proc.), 641* 
heart disease, congenital dextrocardia with 
situs inversus complicated by; re- 
versal of hypertensive changes follow- 
ing thoracolumbar sympathectomy 
(Kalter), 970 
patients at Bogota, biometric profile of 
(Proc.), 632* 
effects of certain dihydrogenated alkaloids 
of ergot in, 1164* 
relationship of retinal hemorrhages in, to 
cerebral hemorrhage, 997* 
states, arterial and venous, benefitted by 
surgical intervention, 457* 
subjects, changes in frontal and _ sagittal 
electrocardiogram of, during experi- 
mentally produced phase of lowered 
blood pressure (Proc.), 624* 

Hypertrophy, ventricular, right, intracavity 
and esophageal potentials in (Schles- 
inger et al.), 1110 

Hypopotassemia, effect of, on electrocardio- 
gram (Proc.), 622* 

Hypotension, influence of, on coronary blood 
flow, cardiac work, and cardiac ef- 
ficiency, 990* 

orthostatic (asympathioctonic hypotension), 
studies on circulation with aid of 
tagged erythrocytes in case of, 155* 
tetraethyl ammonium, effect of vasocon- 
strictive and hypervolemic measures 
upon (Proc.), 671* 

Hypothermia, acutely induced, effect of, on 
circulatory system (Proc.), 664* 

Hypothermic dogs, atrial fibrillation induced 
by epinephrine in (Grant et al.), 1081 | 


Hypoxemia, acute, cardiac output in (Proc.), 
631* 
severe, inhibition of epinephrine action in, 
991* 
Hypoxia tolerance test of heart in children, 
further experience with, 1160* 


I 


Infants under one year, paroxysmal tachy- 
cardia of (Proc.), 634* 

Infarction, anteroposterior, correlation of elec- 
trocardiographic and pathologic find- 
ings in (III) (Myers et al.), 205 

ischemic, vascular occlusion and, in sickle- 
cell disease, 149* 
lateral, correlation of electrocardiographic 
and pathologic findings in (VII) 
(Myers ci al.), 374 
wall, electrocardiographic pattern’ of 
(Proc.), 645* 
myocardial, acute, rate and rhythm in, 988* 
auricular paroxysmal tachycardia in asso- 
ciation with (Askey), 425 
Dicumarol therapy in acute occlusion with, 
995* 
fever in (Proc.), 680* 
modification of electrocardiogram of, by 
anomalous atrioventricular excitation 
(Wolff - Parkinson - White syndrome) 
(Kistin and Robb), 249 
recent, observations on survival of pa- 
tients after (Proc.), 652* 
resulting from intravenous administration 
of hypertonic solution of sodium 
chloride to patients with arterio- 
sclerosis obliterans of lower extremi- 
ties, 472* 
roentgen diagnosis of, 311* 
tracings of left ventricle in: studies of 
fluorocardiography (Proc.), 648* 
of interventricular septum and right ven- 
tricle, correlation of electrocardio- 
graphic and pathologic findings in 
(IV) (Myers et al.), 720 
precordial, taken above conventional posi- 
tions, importance of, in following evo- 
lution of (Proc.), 620* 

Infarcts, cardiac, induced by excitation and 

overexcitation of rats, 470* 

myocardial, multiple, primary healed bac- 
terial valvular endocarditis with 
(Proc.), 630* 

Inhibition, death from, and its relation to 
shock, 1159* 

Innervation, sympathetic, of heart in man: 
preliminary observations of effect of 
thoracic sympathectomy on_ heart 
rate, 309* 

Inotropic drugs, response of isolated hypo- 
dynamic myocardium to, 458* 
Inspiration, deep, vasoconstriction in finger 

after, 455* 

Insufficiencies, aortic, rheumatic and luetic, 
apex beat in; its relation to necropsy 
findings (Proc.),'258* 

Insufficiency, aortic, experimental surgical cor- 
rection of (Proc.), 623* 
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Insufficiency—Cont’d 

artery, coronary, observations on action of 
ergonovine on coronary circulation 
and its use in diagnosis of (Stein), 36 

coronary, effect of exercise on electrocardio- 
gram (Master “two-step” test) in 
diagnosis of, 998* 

paradoxical epinephrine-acetylcholine re- 
action in, (Proc.), 655* 

Inter-American Cardiological Congress, third, 

481 

Argentina, greetings from, extended by 
Dr. Pedro Cossio at inaugural session, 
483 

Europe, greetings from, extended by 
Dr. Gustav Nylin of Stockholm, 
Sweden, at inaugural session, 484 

Mexico, greetings from, extended by 
Dr. Ignacio Chavez at inaugural 
session, 482 

Presidential address by Dr. 
Katz, 486 

proceedings, business and social, excerpts 
from, 481 

Thanatophagia, dangers of dining, by 
Dr. Howard B. Sprague, 489 

Interauricular communication (Proc.), 684* 

Interventricular septum and right ventricle, 
correlation of electrocardiographic 
and pathologic findings in infarction 
of (IV) (Myers et al.), 720 

infarcted, perforation of, 460* 

Intestinal lesions in malignant hypertension 
with report of case, 315* 

Intracavity and esophageal potentials in right 
ventricular hypertrophy (Schlesinger 
ei al.), 1110 

Intraventricula- block, 
(Segers), Sz 

Intrinsic deflection, clinical significance of de- 
layed irscription of, in right precordial 
leads (Proc.), 660* 

Ions and drugs, effects of, upon myocardial 
rhythms induced at anode and cath- 
ode applied to mammalian ventricle 
(Proc.), 638* 

Ischemia, effect of, on muscle protein; bodily 
reactions to trauma, 993* 

renal, observations on urine, blood and ar- 
terial pressure of dogs before and 
after production of, 1003* 
in congestive heart failure, effect of spinal 
anesthesia on, 1152* 

Ischemic muscle, circulatory changes produced 
by exercising. [. Preliminary obser- 
vations, 989* 

Isotopes, radioactive, study of 
vascular disease with, 466* 


Louis N. 


different types of 


peripheral] 


K 


Khellin, absorption of, and its estimation in 
blood and tissues, 468* 
coronary vasodilator action of (Anrep et al.), 
531 : 
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L 


Lanatoside C, effect of, on circulation of pa- 
tients with congestive failure, 838* 

Lead (Ve), ensiform, normal configuration of, 
988* 

Leads, CR, CL, CF, and V, comparison 
of precordial electrocardiograms ob- 
tained with (Dolgin et al.), 343 

electrocardiographic, special, particular im- 
portance of (Proc.), 659* 
unipolar and augmented unipolar, analy- 
sis of relative accuracies of Wilson 
and Goldberger methods for register- 
ing (Rappaport and Williams), 892 
and standard, simple bipolar technique 
for analysis of vector relationship 
between (Cohen and Glicksman), 952 
intracavity, contribution to study of Wolff- 
Parkinson - White syndrome by 
(Proc.), 677* 
limb, augmented unipolar, unipolar 
chest and esophageal leads, electro- 
cardiogram in pneumoperitoneum in- 
cluding (Proc.), 631* 
precordial, of normal children, effect of po- 
tassium on downward T waves of 
(Goldberger et al.), 418 
right, clinical significance of delayed in- 
scription of intrinsic deflection in 
(Proc.), 660* 
unipolar electrocardiographic (Bryant et al.), 
321 
of electrocardiogram in left ventricular 
enlargement (Proc.), 627* 
in right ventricular enlargement (Proc.), 
627* 
precordial and limb, ventricular complex 
in left ventricular hypertrophy as 

obtained by (Sokolow and Lyon), 161 

cardiac, in rheumea‘oic arthritis 

(Proc.), 635* 

nephrosclerosis, periarteritis iodosa, and, 
produced by ‘endocrine kidney,”’ in- 
fluence of diet upon, 151* 
vascular, pulmonary, effect of patent ductus 
arteriosus and of interauricular and 
interventricular septal defects on de- 
velopment of, 150* 

Leucemia, bone and joint pain in, simulating 
rheumatic fever and subacute bac- 
terial endocarditis, 308* 

Levo-angiocardiogram, diagnosis of septal de- 
fects by means of (Proc.), 625* 

Limb electrodes, potential differences between 
multiple central terminals each con- 
nected to separate set of (Kert and 
Bryant), 1035 

leads, unipolar precordial and, ventricular 
complex in left ventricular hyper- 
trophy as obtained by (Sokolew and 
Lyon), 161 

Lung, cardiac, surgical treatment of (Proc.), 
628* 

Lungs, peripheral vascular disease in: roent- 
genologic manifestations, 465* 

roentgen appearance of chest in diseases 
affecting peripheral vascular system 
of, 1162* 


Lesions, 
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M | Mvocarditis in instances of pneumonia, 303* 


Malnutrition, capillary permeability in, 469* Myocardium, endocardial electrocardiogram 


Manic-depressive psychoses, schizophrenia and, 
studies of finger capillaries in 
Mecholyl, cardiovascular effects of intranasal 

administration of (Proc.), 655* 
treatment of peripheral vascular disorders 
by transfer of ions of (Proc.), 627* 
Medulla, adrenal, pheochromocytoma of, 150* 
Meningitis, tuberculous, tuberculoma of myo- 
cardium in patient with, treated with 
streptomycin, 832* 
Mercurial diuretics, intravenous, immediate 
fatalities after, 305* 
role of impaired renal hemodynamics in 
unresponsiveness to, observed in 
severe chronic congestive failure 
(Proc.), 686* 
Metabolism, cholesterol: blood serum choles- 
terol and ester levels in 200 cases of 
acute coronary thrombosis, 149* 
myocardial, coronary sinus catheterization 
for studying coronary boood flow 
and, 833* 
Methedrine, action of adrenaline, ephedrine, 
and, on circulation in man, 829* 
Microplethysmography, application of, to 
evaluation of patients with hyper- 
tension (Proc.), 650* 
Microscopy, capillary, and related studies: 
localized vascular dilatations of hu- 
man skin (Redisch and Pelzer), 106 
Mitral disease, systolic expansion of left auricle 
in (Proc.), 670* 
valve lesions, dynamics of left auricle in, 
309* 
Monophasic action potential (MAP), cardiac, 
experimental study on mechanism of 
(Proc.), 646* 
Morgagni-Adams-Stokes attacks, case of, 
caused by transient recurrent ven- 
tricular fibrillation without apparent 
organic heart disease, 472* 
caused by transient recurrent ventricular 
fibrillation in patient without ap- 
parent organic heart disease (Moe), 
811 
Murmur, continuous, 467* 
systolic, apical, 843* 
Murmurs, diastolic, basal, graphic registration 
of (Wells et al.), 586 
transmission of (Kerr and Harp, Jr.), 100 
Muscle protein, effect of ischemia on; bodily 
reactions to trauma, 993* 
skeletal, significance of local vascular phe- 
nomena in production of ischemic 
necrosis in, 461* 
Myanesin, gangrene following 
injection of, 1003* 
Myocardial infarction, acute, clinical syndrome 
of cardiac pain intermediate between 
angina pectoris and: coronary fail- 
ure, 154* 
auricular paroxysmal tachycardia in asso- 
ciation with (Askey), 425 
rhythms induced at anode and cathode ap- 
plied to mammalian ventricle, effects 
of ions and drugs upon (Proc.), 638* 


intra-arterial 


under pathological conditions of peri- 
cardium and of (Proc.), 628* 

hypodynamic, isodynamic equivalents of 
digitoxin cogenersas tested on, 459* 

isolated, response of, to inotropic drugs, 

458* 

observations on fatty infiltration of (Proc.), 
624* 

Thebesian vessels and other small vessels 
on heart and their role in nourish- 
ment of (Proc.), 667* 

tuberculoma of, in patient with tuberculous 
meningitis treated with streptomycin, 
832* 

ventricular, human, architecture of (Proc.), 
647* 


N 


Navicular bone, intermittent Raynaud's phe- 
nomenon resulting from nonunited 
fracture of, 463* 

Necrosis, ischemic, significance of local vas- 
cular phenomena in production of, in 
skeletal muscle, 461* 

myocardial, quantitative production of, with 
electrocardiographic analysis (Proc.), 
681* 

Neosynephrine in 
supraventricular 
mans et al.), 359 

Nephrectomy, bilateral, blood pressure of 
chronic hypertensive dogs surviving 
(Proc.), 657* 

Nephrosclerosis, periarteritis nodosa, and car- 
diac lesions produced by “endocrine 
kidney,”’ influence of diet upon, 151* 

Nerve block, ulnar, effect of, on blood flow in 
reflexly vasodilated digit, 456* 

Neural response and reactions of heart of 
human embryo, 832* 

Neurocirculatory asthenia, anxiety 
or effort syndrome, 838* 

Nicotine content, varying, some effects on 
circulation of smoking cigarettes with 
(Mathers et al.), 612 

Nitrous oxide method, measurement of coro- 
nary blood flow by, 833* 

Nodal rhythm, intermittent, sinus arrest with, 
992* 

Normovolemic shock, oligemic and, sequential 
changes in oxygen consumption dur- 
ing, and their meaning, 993* 

Nylon, demonstration of coronary arteries with 
(Wagner and Poindexter), 258 


paroxysmal 
(You- 


treatment of 
tachycardia 


neurosis 


O 


Obesity and hypertension, 311* 
Occlusion, coronary, diphtheria and, 988* 
dissecting aneurysm of interventricular 
septum causing obstruction of out- 
flow tract of right ventricle, second- 
ary to (Proc.), 660* 
vascular, and ischemic infarction in sickle- 
cell disease, 149* 
with various pressures, effects of, on blood 
flow in lower extremities, 1158* 
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Oligemic and normovolemic shock, sequential 
changes in oxygen consumption dur- 
ing, and their meaning, 993* 

Osteoarthritis of cervicodorsal spine (radicu- 
litis) simulating coronary artery dis- 
ease, 1154* 

Osteoporosis occurring during potassium thio- 
cyanate therapy for hypertensive 
disease, 460* 

Output, cardiac, and peripheral blood flow in 
arteriovenous aneurysm, 830* 

in acute hypoxemia (Proc.), 631* 

Oxygen consumption, blood flow, vascular 
resistance, and, of brain in essential 
hypertension, 152* 

sequential changes in, during oligemic and 
normovolemic shock and their mean- 
ing, 993* 
deficiency, gradually induced, effects of, on 
patients with transient ventricular 
fibrillation and on _ patients with 
periodic standstill of ventricle (II); 
transient ventricular fibrillation (Sch- 
wartz et al.), 918 
effect of inhalation of, on electrocardio- 
graphic changes induced by effort in 
angina pectoris (Proc.), 653* 
saturation, arterial, in cyanotic types of con- 
genital heart disease, 301* 
oximeter control of, in anoxemia studies, 
844* 
P 

Pain, importance of psychic components of, in 
course of coronary diseases (Proc.), 
633* 

upper abdominal, and angina pectoris 
(Proc.), 625* 

Paralysis, periodic, familial, electrocardiogram 
in (Perelson and Cosby), 1126 
Paroxysmal supraventricular tachycardia, neo- 
synephrine in treatment of (Youmans 

et al.), 359 

Patent ductus arteriosus, effect of, and of in- 
terauricular and interventricular sep- 
tal defects on development of pul- 
monary vascular lesions, 150* 

irreversible cardiac disease in adult life 
caused by delayed surgical closure of, 
312* 

surgical division of, by means of new 
clamp (Proc.), 664* 

x-ray kymography in diagnosis of 
(Proc.), 676* 

Penicillin in cardiovascular syphilis (Proc.), 

661* 

in oil and beeswax, treatment of subacute 
bacterial endocarditis with (Proc.), 
684* 

Periarteritis nodosa, nephrosclerosis, and car- 
diac lesions produced by “endocrine 
kidney,” influence of diet upon, 151* 

studies on. III. Differentiation between 
vascular lesions of periarteritis nodosa 
and of hypersensitivity, 1156* 

Péricardite, pathogenie des alterations el éc- 

trocardiographiques de, 474 (B. Rev.) 


Pericarditis, constrictive, primary systemic 
amyloidosis simulating, 840* 
etiology of (Proc.), 636* 
tuberculous, acute, streptomycin in (Mere- 
dith, Jr.), 129 
with active primary Ghon_ tuberculosis 
(Proc.), 659* 
Pericardium, battle wounds and injuries of 
heart and, 999* 
endocardial electrocardiogram under patho- 
logical conditions of, and of myo- 
cardium (Proc.), 628* 

Peripheral arterial embolism (Proc.), 662* 
blood vessels, new method for functional 
investigation of (Proc.), 621* 
vascular disease in lungs: roentgenologic 

manifestations, 465* 
study of, with radioactive isotopes. 
Part I, 466* 
disorders, treatment of, by transfer of ions 
of Mecholyl (Proc.), 627* 
Pheochromocytoma of adrenal medulla, 150* 
Pheochromocytomas coexisting in adrenal 
gland and retroperitoneal space, with 
sustained hypertension, 462* 
Phlebography in localization of incompetent 
communicating veins in patients with 
varicose veins, 148* 
Phonocardiograms obtained at such times, 
prefibrillary period during established 
auriculoventricular dissociation with 
note on (1); transient ventricular 
fibrillation (Schwartz et al.), 21 
Phosphorus, radioactive, observations on blood 
volume as determined by plasma dye 
dilution and dilution of red cells 
tagged with (Proc.), 649* 
Plasma tocopherol levels in cardiac patients 
(Lemley et al.), 1029 
volume determinations in human, validity 
of T-1824 in, 991* 
Pneumonia, myocarditis in instances of, 303* 


Pneumopericardium, spontaneous (Harp, Jr., 
and Peeke), 134 
Pneumoperitonium, air embolus in, 998* 
electrocardiogram in, including augmented 
unipolar limb leads and unipolar chest 
and esophageal leads (Proc.), 631* 
Poliomyelitis, carditis in, 153* 
Posture, sympathetic component of electro- 
cardiographic response to (Proc.), 
650* 
Potassium autointoxication from hemolysis of 
red cells (Wener et al.), 881 
effect of, on downward T waves of precordial 
leads of normal children (Goldberger 
et al.), 418 
thiocyanate therapy for hypertensive dis- 
ease, osteoporosis occurring during, 
460* 
Potentials, endocardial, of right ventricle, 
variability of (Proc.), 644* 
intracardiac, human, obtained by catheteri- 
zation, 1166* 
Precollagen network of heart valves during 
active rheumatic fever (Proc.), 621* 
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Precordial and limb leads, unipolar, ventricular 
complex in left ventricular hyper- 
trophy as obtained by (Sokolow and 
Lyon), 161 

electrocardiograms obtained with CR, CL, 
CF, and V leads, comparison of (Dol- 
gin et al.), 343 

leads of normal children, effect of potassium 
on downward T waves of (Goldberger 
et al.), 418 

taken above conventional positions, im- 

portance of, in following evolution of 
myocardial infarction (Proc.), 620* 

Pre-excitation, mechanism in; “Caciva’’ tech- 
nique assay of quinidine effect (Proc.), 
657* 

observations on mechanism of Wolff-Park- 
inson-White syndrome (W2W) and 
other types of (Proc.), 646* 
Pregnancy, complete heart block complicat- 
ing (Zimdahl and Zimmermann), 1135 
heart disease of (Proc.), 641* 
splanchnicectomy in relation to hypertensive 
disease of (Proc.), 641* 

Pressure, arterial, normal values of, and fre- 
quency of arterial hypertension in 
high altitudes (Proc.), 670* 

reactions, new aspects of problem of, 992* 
waves, arterial, in patient with coarctation 
of aorta, 990* 

Priscol (2-benzyl-4, 5- imidazoline HCl), ef- 
fects of, on peripheral vascular dis- 
eases, hypertension, and circulation 
in patients, 147* 

Procaine hydrochloride, relief of headache by 
injection of: temporal arteritis, 310* 

salicylate, and benzoate of sodium, action of, 
on excitability of skeletal muscle and 
of nerve, 837* 

Propylthiouracil, treatment of angina pectoris 
with, 464* 

Protamine (salmine), neutralization of 
coagulant effects of heparin 
(Parkin and Kvale), 333 

Pulmonary artery, clinical study of subacute 
bacterial infection confined to right 
side of heart or (Barker), 1054 

disease, chronic, studies of pulmonary cir- 
culation at rest and during exercise 
in normal individuals and in patients 
with, 834* 

stenosis, surgery of, 1154* 

Pulse, pressure, arterial, and blood pressure, 
method for recording (Peterson et al.), 
771* 

studies on propagation of, into minute skin 
arteries (Proc.), 640* 


Q 

Q.-Q.-Q;, pattern. Rotation and displacement 
over three experimental axes (Proc.), 
634* 

QRS complex, on measurement of, and _ in- 
terpretation thereof by direct and 
indirect deduction (Kleyn and Hout- 
appel), 806 


anti- 
with 
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Quinidine effect, ‘‘Caciva’’ technique assay of; 
mechanism in pre-excitation (Proc.), 
657* 
studies on combined effects of Cedilanid and 
(Proc.), 685* 
thrombopenic purpura following, 1159* 
Quinine poisoning, ventricular tachycardia 
and bilateral amaurosis produced by, 
471* 
R 
Radioactive erythrocytes, further studies of 
circulation with (Nylin and Hedlund), 
543 
Rate and rhythm in acute myocardial in- 
farction, 988* 
Raynaud’s phenomenon, intermittent, result- 
ing from nonunited fracture of navi- 
cular bone, 463* 
Recorcaine, intravenous, in therapy, 828* 
Red cells, potassium autointoxication from 
hemolysis of (Wener et al.), 881 
tagged with radioactive phosphorus, ob- 
servations on blood volume as de- 
termined by plasma dye dilution and 
dilution of (Proc.), 649* 
Re-entry, paroxysmal supraventricular tachy- 
cardia in which mechanism is based 
on (Proc.), 663* 
Reference point, indifferent, experimental 
studies on validity of central terminal 
of Wilson as (Dolgin et al.), 868 
Regurgitation, aortic, study of differential 
diagnosis in (Proc.), 620* 


Respiratory phases, intracardiac blood pres- 
sure in human subjects and its rela- 
tion to (Battro et al.), 11 


clinical forms, 
(Proc.), 


Rheumatic disease in adult; 
evolution, and _ pathology 
668* 

in children, behavior of electrical systole 
(Q-T interval) in (Proc.), 680* 

diseases, some, not including rheumatic 
fever, heart lesions in; study of 360 
cases of rheumatoid arthritis and six 
of diffuse scleroderma (Proc.), 667* 
fever, active, precollagen network of heart 

valves during (Proc.), 621* 

acute, in aged (Appelman et al.), 982 

and subacute bacterial endocarditis, bone 
and joint pain in leucemia, simulat- 
ing, 308* 

comparison with serum antistreptolysin 
and gamma globulin levels with spe- 
cial reference to occurrence of: quan- 
titative antistreptokinase studies in 
patients infected with Group A hemo- 
lytic streptococci, 152* 

in Hawaii (Proc.), 639* 

new pharmacological aspects, with view 
to their use in: salicylates (Proc.), 
626* 

program, Syracuse area (Proc.), 640* 

relation of cardiac lesions of rheumatoid 
arthritis to those of, 998* 

streptococcal infections, and miscellaneous 
nonstreptococcal diseases, antihyalu- 
ronidase studies of sera from patients 
with, 153* 
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Rheumatic fever—Cont’d 
succinate therapy in, 153* 
value of roentgenography in diagnosing 
; of cardiac disorder following, 473* 
patients, morphological evidence of specific 
inflammation in brain of, (Proc.), 
629* 
Rheumatism, experimental, (anaphylactic), 
histologic changes in (Proc.), 672* 
Rheumatoid arthritis, heart in, 1165* 
relation of cardiac lesions of, to those of 
rheumatic fever, 998* 
Rhythm, rate and, in acute myocardial in- 
farction, 988* 
Roentgenography, value of, in diagnosing of 
cardiac disorder following rheumatic 
fever, 473* 
Roentgenology, cardiac, use of spot film radio- 
graphic device in (Proc.), 637* 
RS-T segment, T wave and, of human electro- 
cardiogram, on changes of (Proc.), 
639* 


S 


Salicylate, procaine, and benzoate of sodium, 
action of, on excitability of skeletal 
muscle and of nerve, 837* 

therapy in children, 837* 
tolerance and toxicity in children, 146* 
Salicyiates, new pharmacological aspects of, 
158* 
with view to their use in rheumatic 
fever (Proc.), 626* 

Schemm regimen, experience with, in treatment 
of congestive heart failure, 302* 

Schizophrenia, catatonic, electrocardiogram in, 
1161* 

Scleroderma, diffuse, study of 360 cases of 
rheumatoid arthritis and six of; heart 
lesions in some rheumatic diseases 
not including rheumatic fever (Proc.), 
667* 

Scleropathy of varicose veins, clinical evalua- 
tion of new technique in, 1160* 

Sclerosis, coronary, experimental; I. Medial 
degeneration as primary lesion in 
coronary sclerosis of cockerels, 992* 

pulmonary so-called primary, 471* 

Scoliosis and cardiac failure (Hill), 435 

Septal defects, diagnosis of, by means of levo- 
angiocardiogram (Proc.), 625* 

interatrial, findings in (1); intracardiac 
catheterization in study of congenital 
heart disease (Proc.), 648* 

isolated, circulation in patients with (V); 
physiological studies in congenital 
heart disease, 1000* 

Septum, interventricular, dissecting aneurysm 
of, causing obstruction of outflow 
tract of right ventricle, secondary to 
coronary occlusion (Proc.), 660* 

dynamics of (Proc.), 637* 

right heart cavities, pulmonary artery, 
and, from angiocardiographic view- 
point (Proc.), 629* 

Serum ac-globulin, calcium, and tissue throm- 
boplastin, role of (I); thrombin 
formation, 831* 


Shock, death from inhibition and its relation 
to, 1159* 
effect of, on heart and its treatment (IV); 
studies on coronary circulation (Cor- 
day et al.), 560 
oligemic and  normovolemic, sequential 
changes in oxygen consumption dur- 
ing, and their meaning, 993* 
Shop typhus, unusual cardiac arrhythmias in 
patient recovering from (Zuidema), 
278 
Sickle-cell disease, vascular occlusion and is- 
chemic infarction in, 149* 
Sinoaruricular block, 986* 
Sinus arrest with intermittent nodal rhythm, 
992* 
coronary, catheterization of, in man (Cul- 
bertson et al.), 942 
revascularization of heart by graft of 
systemic artery into, 307* 
of Valsalva (interventricular aneurysm), an- 
terior, right, congenital aneurysm of, 
with spontaneous rupture into left 
ventricle (Warthen), 975 
Situs inversus, congenital dextrocardia with, 
complicated by hypertensive heart 
disease; reversal of hypertensive 
changes following thoracolumbar sym- 
pathectomy (Kalter), 970 
Sodium amytal, comparative evaluation of 
tetraethylammonium chloride and, 
in patients with hypertensive cardio- 
vascular disease, 997* 
chloride, influence of, upon actions of 
desoxycorticosterone acetate (Selye et 
al.), 1009 
myocardial infarction resulting from in- 
travenous administration of hyper- 
tonic solution of, to patients with ar- 
teriosclerosis obliterans of lower ex- 
tremities, 472* 
water and, maintenance of adequate car- 
diac output by regulation of urinary 
excretion of; essential factor in gene- 
sis of edema, 472* 
gentisate, antirheumatic effect of, 155* 
water, and acids, reciprocal action of, in 
resistant cardiac edema (Proc.), 673* 
Spinal anesthesia, effect of, on renal ischemia 
in congestive heart failure, 1152* 
Splanchnic resection, problem of malignant 
hypertension and its treatment by, 
1506* 
Splanchnicectomy in relation to hypertensive 
disease of pregnancy, (Proc.) 641* 
toxemia superimposed prepregnant 
hypertension treated by, 465* 
Statistical studies of heart diseases. I. Heart 
diseases and allied causes of death 
in relation to age changes in the pop- 
ulation, 1151* 
Stenosis, aortic: study of clinical and patho- 
logic aspects of 107 proved cases, 
995* 
systolic murmur in, 989* 
mitral, on occurrence of accentuated first 
heart sound in incomplete A-V dis- 
sociation with, 470* 
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Stenosis, mitral—Cont’d 
Ortwer’s syndrome in course of, 828* 
pulmonary, congenital, aortic pulmonary an- 
astomosis in, 306* 
Stimulation, sympathetic, effect of, on auricu- 
lar flutter (Scherf), 1069 
Stokes-Adams syndrome associated with com- 
plete congenital heart block in in- 
fancy and childhood, 457* 
resection, contraindication to: en- 
dangiitis obliterans, 994* 
tuberculous false aneurysm of abdominal 
aorta with rupture into (Scott et al.), 
820 
Streptococcal infections, rheumatic fever, and 
miscellaneous nonstreptococcal dis- 
eases, antihyaluronidase studies of 
sera from patients with, 153* 
Streptococci, hemolytic, Group A, quantita- 
tive antistreptokinase studies in pa- 
tients infected with: comparison with 
serum antistreptolysin and gamma 
globulin levels with special reference 
to occurrence of rheumatic fever, 152* 
Streptomycin in acute tuberculous pericarditis 
(Meredith, Jr.), 129 
treatment of bacterial endocarditis, 301* 
tuberculoma of myocardium in patient with 
tuberculous meningitis treated with, 
832* 
Succinate therapy in rheumatic fever, 153* 
Sulfadiazine, necrotizing vascular lesions be- 
lieved to be due to hypersensitivity 
to, 1154* 
Sulphuric ester, new, of giycerin, circulatory 
effects of (Proc.), 652* 
Sympathectomy, effect of, on blood flow in 
human limb, 990* 
renal dynamics in “essential” 
tension (Proc.), 644* 
for essential hypertension, 309* 
lumbar, treatment of chronic varicose ulcers 
by, 1159* 
thoracic, preliminary observations of effect 
of, on heart rate: sympathetic inner 
vation of heart in man, 309* 
thoracolumbar, reversal of hypertensive 
changes following: congenital dextro- 
cardia with situs inversus complicated 
by hypertensive heart disease (Kal- 
ter), 970 
selection of patients for, 458* 
Sympathetic impulses to head, temporary in- 
terruption of, by infiltration of cer- 
vical sympathetic trunk, 1158* 
Syncope, vagovagal: report of case apparently 
induced by digitalization (Correll and 
Lindert), 446 
Syndrome, coronary and cerebral, associated, 
, clinical aspects of, 468* 
neurocirculatory asthenia, 
neurosis or, 838* 
post-tachycardial, anatomical-clinical study 
of case of, 989* 
Syphilis, cardiovascular, in young white males 
(Proc.), 675* 
penicillin in (Proc.), 661* 
early, further observations of electrocardio- 
graphic changes in, 1157* 


Stomach 


hyper- 


effort, anxiety 
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Syphilitic aortitis, effect of antisyphilitic treat- 
ment on microscopic appearance of, 
831* 
Syracuse area rheumatic fever program (Proc.), 


Systolic murmur in aortic stenosis, 989* 


T wave and RS-T segment of human electro- 
cardiogram, on changes of (Proc.), 
639* 

T waves, downward, of precordial leads of 
normal children, effect of potassium 
on (Goldberger et al.), 418 

normal in size and direction but abnormal 
in contour, on (Alzamora-Castro et 
al.), 927 

T-1824, validity of, in plasma volume deter- 
minations in human, 991* 

Tachycardia, hypertension and, due to con- 
cussion of brain (Raab), 237 

paroxysmal, auricular, in association with 
myocardial infarction ‘Askey), 425 
nature of, in anomalous atrioventricular 
excitation (Proc.), 668* 
of infants under one year (Proc.), 634* 
report of two cases treated with acetyl- 
choline bromide, 455* 
ventricular, auricular fibrillation with 
anomalous A-V conduction (WPW 
syndrome) imitating (Proc.), 645* 
with ventricular rate of 365 per minute 
(Silverman and Race), 1139 
supraventricular, paroxysmal, in 
mechanism is based on 
(Proc.), 663* 
neosynephrine in treatment of (Youmans 
et al.), 359 
ventricular, and bilateral amaurosis 
duced by quinine poisoning, 471* 
paroxysmal, and its management, clinical 
and clectrocardiographic study of, 
304* 

Tachycardias, auricular and ventricular, cor- 
onary flow in (Proc.), 685* 

Temperature, body, and heart rate, periodicity 
in, 151* 

blood pressure and (Proc.), 668* 
skin, effects of various amino acids on pe- 
ripheral blood flow and, 152* 
Test, ‘“‘anoxemia,”’ 1152* 
“two-step,” 1152* 

Tetraethyl ammonium orthostatic hypoten- 
sion, effect of vasoconstrictive and 
hypervolemic measures upon (Proc.), 
671* 

Tetraethylammonium chloride and _ sodium 
amytal, comparative evaluation of, 
in patients with hypertensive cardio- 
vascular disease, 997* 

effects of intravenous injection of, on 
intra-arterial blood pressure and other 
physiological variables in man, 308* 
blood flow in extremities of man, 1002* 
severe reaction to, 146* 

Tetralogy of Fallot: especially care of cyanotic 

infant and child, 456* 


which 
re-entry 


pro- 
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Thebesian vessels and other small vessels on 
heart and their role in nourishment 
and drainage of myocardium (Proc.), 
667* 

Thiouracil in treatment of hypertension (Proc.), 
665* 

Thoracolumbar sympathectomy, reversal of 
hypertensive changes following; con- 
genital dextrocardia with situs in- 
versus complicated by hypertensive 
heart disease (Kalter), 970 

Thorax, serial tomographic study of, in diag- 
nosis of aneurysms of conus, trunk, 
and branches of pulmonary artery 
(Proc.), 662* 

Thrombin formation. [. Role of calcium, serum 
ac-globulin and tissue thromboplastin, 
831* 

Thrombopenic purpura following 
1159* 

rhromboplastin, tissue, role of calcium, serum 
ac-globulin, and (I); thrombin for- 
mation, 831* 

Thrombosis, anterior tibial vein, diagnostic 
sign for, 148* 

arterial and venous, experimental study of 
comparative efficacy of heparin and 
Dicumarol in prevention of, 465* 

carotid artery: report of eight cases due to 
trauma, 464* 

coronary artery, anticoagulation therapy 
with heparin pitkin menstruum in 
management of, and its complications 
(Loewe and Eiber), 701 


quinidine, 


obliterating, or right auricle, 988* 


of anomalous chordae in right atrium 

(Chiari’s network) (Orbison), 119 

Tilting, electrocardiographic changes on (New- 
ton), 1090 

Tissues, absorption of khellin and its estima- 
tion in blood and, 468* 

Tonoscillography after exercise, 475 (B.Rev.) 

Toxemia superimposed upon prepregnant hy- 
pertension treated by splanchnicec- 
tomy, 465* 

Trauma, bodily reactions to; effect of ischemia 
on muscle protein, 993* 

Triangle, Einthoven, on possibility of con- 
structing for given subject (Wilson 
et al.), 493 

Tuberculoma of myocardium in patient with 
tuberculous meningitis treated with 
streptomycin, 832* 

Tuberculosis, Ghon, primary, active, pericar- 
ditis with (Proc.), 659* 

Tuberculous false aneurysm of 
aorta with rupture into 
(Scott et al.), 820 

myocarditis, acute, streptomycin in (Mere- 

dith, Jr.), 129 

medullary, adrenal 

toma), 157* 

Tumors, epithelial, primary, pathogenesis of, 
in human conduction system, 842* 

“Two-step”’ and ‘‘anoxemia”’ tests, 1152* 


abdominal 
stomach 


Tumor, (pheochromocy- 


U wave (Proc.), 688* 

Ulcers, varicose, chronic, treatment of, by 

lumbar sympathectomy, 1159* 

and augmented unipolar electro- 
cardiographic leads, analysis of rela- 
tive accuracies of Wilson and Gold- 
berger methods for registering (Rap- 

paport and Williams), 892 

standard electrocardiographic leads, 

simple bipolar technique for analysis 
of vector relationship between (Cohen 

and Glicksman), 952 

electrocardiographic leads (Bryant et al.), 
321 

Jremia, cardiac changes in, with special refer- 
ence to hyperpotassemia, 986* 

lrinary sediments, new stain for; its value in 
differential diagnosis of hypertension 
(Proc.), 678* 

‘rine, blood and arterial pressure of dogs, ob- 
servations on, before and after pro- 
duction of renal ischemia, 1003* 

ruguayana, incidence of cardiopathies in 1,138 
children of public schools in (Proc.), 
658* 


Unipolar 


and 


Vagotomy,’ importance of pressure factors in 
genesis of pulmonary edema follow- 
ing, 991* 

Valsalva, congenital aneurysm of right anterior 
sinus of (interventricular aneurysm) 
with spontaneous rupture into left 
ventricle (Warthen), 975 

Valves, heart, during active rheumatic fever, 

precollagen network of (Proc.), 621* 

veins, clinical evaluation of new 

technique in sclerotherapy of, 1160* 

phlebography in localization of incompe- 
tent communicating veins in patients 
with, 148* 

Vascular dilatations, localized, of human skin: 
capillary microscopy and_ related 
studies (Redisch and Pelzer), 106 

disease, obliterative, place of intermittent 
venous hyperemia in treatment of, 
839* 
peripheral, amputation for (Proc.), 662* 
diseases in clinical practice, 475 (B. Rev.) 
peripheral, hypertension, and circulation in 
patients, effects of Priscol (2-benzyl-4, 
5- imidazoline HCl) on, 147* 
lesions, necrotizing, believed to be due to 
hypersensitivity to sulfadiazine, 1154* 
resistance, blood flow, and oxygen consump- 
tion of brain in essential hyperten- 
sion, 152* 
system, peripheral, of lungs, roentgen ap- 
pearance of chest in diseases affect- 
ing, 1162* 

Vasoconstriction in finger after deep inspira- 
tion, 455* 

Vasodilator action, coronary, of khellin (Anrep 

et al.), 531 

relationship between unipolar and 

standard electrocardiographic leads, 

simple bipolar technique for analysis 

of (Cohen and Glicksman), 952 


Varicose 


Vector 
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Veins, leg, normal and impaired function of 
(Hickam et al.), 1017 
Vena cava, inferior, vascular responses in man 
to ligation of, 470* 
superior, obstructions of (Hinshaw), 958 
Venography in the normal and pathological 
leg, 1151* 
Ventilation during inhalation of carbon dioxide 
in normal and emphysematous pa- 
tients (Holman and Shires) 1101 
Ventricle, dog, comparison of electrocardio- 
graphic changes produced by heat- 
ing and cooling epicardial and endo- 
cardial! surfaces of, 993* 
effects of gradually induced oxygen deficiency 
on patients with transient ventricular 
fibrillation and on _ patients with 
periodic standstill of (II); transient 
ventricular fibrillation (Schwartz et 
al.), 918 
left, congenital aneurysm of right anterior 
sinus of Valsalva (interventricular 
aneurysm) with spontaneous rupture 
into left (Warthen), 975 
tracings of, in myocardial infarction: 
studies of fluorocardiography (Proc.), 
648* 
mammalian effects of ions and drugs upon 
myocardial rhythms induced at anode 
and cathode applied to (Proc.), 638* 
right, angiocardiographically studied, dy- 
namic modifications of (Proc.), 626* 
correlation of electrocardiographic and 
pathologic findings in infarction of 
interventricular septum and (IV) 
(Myers et al.), 720 
dissecting aneurysm .of interventricular 
septum causing obstruction of out- 
flow tract of, secondary to coronary 
occlusion (Proc.), 660* 
potential variations in (II); studies in 
intracardiac electrography in man 
(Levine et al.), 64 
variability of endocardial 
(Proc.), 644* 
Ventricles, interaction between auricles and, 
466* 
Ventricular aneurysm, electrocardiogram in 
(Rosenberg and Messinger), 267 
complex in left ventricular hypertrophy as 
obtained by unipolar precordial and 
limb leads (Sokolow and Lyon), 161 
enlargement, left, unipolar leads of electro- 
cardiogram in (Proc.), 627* 
right, unipolar leads of electrocardiogram 
in (Proc.), 627* 


potentials of 
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fibrillation, transient. I. Prefibrillary period 
during established auriculoventricular 
dissociation with note on phonocar- 
diograms obtained at such times 
(Schwartz et al.), 21 

II. Effects of gradualiy induced oxygen 

deficiency on patients with transient 
ventricular fibrillation and on _ pa- 
tients with periodic standstill of ven- 
tricle (Schwartz et al.), 918 

gradient in doubtful electrocardiograms 
(Dolgin and Katz), 1 

hypertrophy, left, electrocardiographic diag- 
nosis of, 842* 

rate of 365 per minute, paroxysmal tachy- 
cardia with (Silverman and Race), 
1139 

tachycardia, paroxysmal, and its manage- 
ment, clinical and_ electrocardio- 
graphic study of, 304* 

Vitamin E in heart disease, 464* 
use of, 460* 


W 
Water, sodium, and acids, reciprocal action of, 
in resistant cardiac edema (Proc.), 
673* 
Weight and blood pressure, 1000* 
Wenckebach's periods and electrical alternans, 
mechanism in (Proc.), 656* 


Wilson and Goldberger methods for register- 
ing unipolar and augmented unipolar 


electrocardiographic leads, analysis of 
relative accuracies of (Rappaport and 
Williams), 892 
experimental studies on validity of central 
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